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FOREWORD

The laws and regulations which guide the weapons
acquisition process require every program manager tc use
competition whenever it 1is feasible and effective to do so.
Alchough the emphasis historically has been on competition
during the early phases of the acquisition «cycle, the
Department of Defense also stresses the importance of
competition in production. The program manager must assess
the feasibility and effectiveness of production competition in
a highly detailed, rigorous, and guantitative way.

These «circumstances have led the Defense Systems

Management College to sponsor the development of this
production compctition handbeck. The purpcece cf this handbook
1s to provide the program manager and other acquisition
officials with a systematic guide to the assessment,

implementaticn, and execution of production competition. This
nhandbook represents the combined efforts of ANADAC, Inc.-
Lanham and Drinncn, Incorporated, and the International
Planning and Analysis Center (IPAC).

To enhance the guality of pessible revisions to this
handbook, you are encouraged to submit comments using the form
provided at the end of the book.
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EDITORIAL NOTE

Discussions with several early users of the c<raft version of this handbeok indicate
the need to reemphasize a few points. First of all, readers of this publicution sre
reminded that it is a handbook——not & cookbook. As sucii, its rea) usefuiness is as a Juide,
providing basic information to which must be added considerable thoughtful analysis of a
given progrem including its product, its schedule, and its contractor and subcontractor
base and characteristies. These comments are particularly applicable to Table 4.i-1
(Summary of Preliminary Screer). The reader should not rely on a simple "numerical"
sutamation of the values contained therein. To do so is to vversimplify a complex problem
and is hazardous to sounda decision naking. The "model" coniained in Table 3.4-1 should
e regarded, like any other model, as only a general approximation of the "real world." in
specific circumstances, the reader may choose to disagree with one or more of the values
contaii.ed in the table--you are, in fact, encouraged to do so. If, for example, the itemn
being procured is hignly comple:, but a fully validated Techuical Data Packege (TDP) is
avaiiadble, or can be made available, then the TD® approach inay be perfectly acceptable
rather than being discarded because of the "X" value shown in the Table. These comments
apply to other "prescriptive" aspects of the handwook. Ultimately, the successful
implementation of production competition will depend on the thoroughn«ss of the planning

elfort and the artful applica:ion nf the prineiples contained in the handbook,

The guthors and publisher wish you success in planning and implementing produeticn
competition anc hope that the handbook will contribute to that end. Your comments on
the handbook, positive or negative, are sincerely desired so that revisions or updates may

be inade for the benefit of future program inanagers.
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OVERVIEW

One of the primary responsibilities of a program
manager 1s the development of an effective acquisition strategy
that reflects cost, schedule, and technical considerations. The
central component of any such acquisition strategy 1s the use of
competition. The program manager is required by law and
regulation to employ competition, when practicable, throughout
the entire weapon system acquisition cycle, including the
production phase. When appliea effectively, production
competition can be a significant aid in controlling or reducing

costs, managing risk, and enhancing technical performance.

Production competition is a complex undertaking,
requiring detailed study and analysis by the program manager.
Many potential benefits have been attributed to production
competicion; however, realization of these benefits depends upon
careful early planning and execution. In addition, production
competition may involve several prohlems, anv one of which may

render competition ineffective if not properly addressed.

Despite pctential problems, several DoD programs have
employed production competition successfully. The kxey lessons
learned from these prior efforts are the following:

® Production competition affects every aspect o. the

program including schedule, budget, contracts, and

technical performance.

0-1
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) The success of production competition is
determined by program goals and circumstances:
there are no textbook solutions.

o Production competition can be employed to
influence contractor price behavior, technical
performance, and schedule discipline.

When addrescsing the production competition issue for a

particular program, the program manager must investigate the

following:
° Whether or not tc pursue production competition
o Which technique of echnology transfer is most
appropriate, given program circumstances
® How best to implement the chosen technique of
technclogy transfer
® How to utilize effectively the competitive

environment once it is established

The program manager faced with these issues could
benefit greatly from the experience of prior programs.
Unfortunately, the lessons learned on prior efforts have not been
documented collectively to assist program managers with future
production competition programs. Furthermore, although reguiring

the use of effective competition, current DoD instructions do not

provide detailed guidance on production competition,

These considerations have led the Defense Svstems
Management College to sponsor development of this production
competition handbook, the purpose of which is to provide the
program manager with a single reference tc¢ use in assessing,
implementing, and executing production competition. The handbook

combines the lessons learned from vrior programs with the key
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results of recent research to form a systematic guide to the
production competition issue. The handbock is presented in four
parts:

Part One: Introduction to Production Competition

This secticn briefly discusses the importance of the
production competition decision, describes various
techniques to effect technology transfer, and presents
the critjcal variables associated with production
competiticn.

Part Two: Evaluvation of Froduction Competition

This section presents detailed economic, technical, and
program analyses that must be undertaken by the program
manager in development of a production competition
strategy.

Part Three: Implementation of Production Competition

This section discusses program management actions that
can be undertaken to implement effectively a production
competition program. Implementaticn problems

i encountered vl prior programs are discussed, aleng with

alternative sclutions to those problems.

Part Four: Execution of Continuous Production
Competiticn

This section presents ways in which the program manager
can take advantage of production competition to secure
greater contractor cooperation. Issues discussed
include production award methodologies, logistic
support, product improvement, and capital investment.
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PART ONE
E
INTRODUCTION TO PRODUCTION COMPETITION
i
= 1. MOTIV .TIOM FOR COMPETITIVE PRODUCTION
.
2. TECHNIQUES FOR ESTABLISHING COMPETITIVE
PRODUCTICN
i 3. PRELIMINARY SCREEN OF PROGRAMS FOR
COMPETITION
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1. MOTIVATION FOR COMPETITIVE PRODUCTION

The program manager is faced with a myriad »>f problems
and issues associated with fielding a technically surerior weapon
system 1n a timely and cost-efficient manner. Increased
competition in the acquisition of weapon systems has been
advocated as one solution tc many of the problems encountered by
the program manager. Successful weapon system programs have
demonstrated that competition can lead to increased technical
performance, reduced acquisition costs, and improved development

schedules.

These demonstrated henetits have led to a renewed
effort to increase competition in weapon system acquisition. The

-

President, the Congress, the Office of Management an

A

v

d Budgot,
the Department of Defense (DoD) are dedicated to obtaining
effective competition for defense goods and services. This
current emphasis requires the program manager to maintain
effective competition through the production phase of a weapon

system program, whenever it is practicable to do so.

The program manager should note the emphasis that DoD
and the Congress place on the effective use of competition.
Competition is not advocated merely for the sake of competition
but rather it is advocated as a means to enhance the overzll
value of weapon systems procurement to the government,
considering the economic, technical, schedule, and logistics

effects. Thus, when considering the use of competition, the

1-1




program manager must assess all relevant factcrs to ensure that

competition is effectively employed. _

Production competition is a complex undertaking that
influences every aspect of a weapon system program. Thus, the R
program manager must address the issue of production competition

in a rigorous, systematic manner. Unfortunately, the experiences

of prior successful programs have never been documented

i r

collectively to assist the program manager in add:essing the

production competition issue.

® The purpose of this handbcok is to provide the program ‘."1
. manager with a single reference to be used in assessing, i
%, implementing, and executing production competition. The handbook ;_;;:
- Pl

-’ presents lessons learned from several prior DoD production jﬁtrﬁ

competition programs and includes reference to recent research.

Prior to assessing the potential for production 7~?f1
competition on a particular program, the program manager must :
have a cle 'r understanding of the current environment relative to :fi?f
competition, the complexity of production competition. and the f.f71
potential benefits and costs associated with production :-;fﬂ
competition. Therefore, the remainder of this chapter presents _‘~Ji
the following: ~—?

) Recent legislative and regulatory initiatives f?ff}

related tc increased conpetition ' ‘

e A clear definition of production competition as -'»——'—1

contrasted with design competitien

- ——
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° The numercus benefits and costs that have been
attributed to production competition

® The results of empirical research
® A discussion of the influence of production
competition on other aspects of the program

1.1 LEGISLATIVE AND REGULATORY INITIATIVES

Competition in the acquisition of defense goods and
services is a legal and regulatory mandate. The DoD and the
Congress have long preferred competition as a means of
controlling weapon system costs and ensuring a fair procuremert
system. This preference is expressed through legislation,

reqgulations, and instructions.

raference for compatition in the
acquisition of weapon systems is expressed through legislation,
such as the Armed Services Procurement Act of 1947. The Act
requires that contracts for proberty or services be formally
advertised. Under specific situations, negotiation can be vsed;
however, negotiations must be competitive, whenever practicable.
Since 1947, numerous legislative initiatives have been introduced

to amend the Act and further incrcase competition.

Most recently, Congress has ex.ressed specific interest
in production competition. Section 797 of the Department of

Defense Appropriations Act of 1984, P.L. 96-212, states:




- - .

None of the funds made available by this Act shall be
used to initiate full-scale engineering development of
any major defense acquisition program until the

Secretary of Defense has provided to the Committees on

Appropriatiors of the House ana Senate:

(a) a certification that the system or subsystem being
developed will be procured in quantities that are
not sufficient to warrant development of two or
more production sources, or

(b) a plan for the development of two or more sources
for the production of the system or subsystem
being developed.

As clearly stated, P.L. 98-212 requires that analysis

of productior. competition be undertaken for all major defense
acquisition programs. The program manager, as the single

individual resvonsible for program formulation and execution,

must direct the production competition analysis.

These lagislative mandates are implemented within the
Executive Departments by regulations and instructions that
provide the program manager with additional guidance concerning
competition. OMB Circular A-109 directs the incorporation of
competition throughout a program, especially during the uz2sign
and development phases. The Federal Acquisition Regulation (FAR)
and the corresponding DoD Supplement mandate competition in the
procurement of goods and services. FAR Subpart 14.103-1(a)
states:

Contracts shall be awarded in Aaccordance with formal

advertising procedures whenever feasible and

practicable. Except where negotiation is tspecifically

required %y this regulation (e.g., foreign purchases by

overseas activities), this rule shall be followed even

though the existing conditions would satisfy one or
mcre of the circumstances permitting negotiation.

A e A e ————_ e A b A —am - .




Furthermore, the FAR requires that negotiations be conducted
competitively, whenever practicable. Subpart 15.135(a) and (b)
of the FAR state:

Neyotiated contracts shall be awarded on a competitive
bagis to the maximum practical extent. To this end

(a) Offers shall be solicited from the maximum
number of gqualified sources consistent with the
nature of and the need for the supplies or
services being acquired. Acquisition information
shall be publicized in accordance with $.101.

(b) Before negotiating a contract on a
noncompetitive basis, the contracting officer is
responsible not only for ensuring that
conpetition is not feasible and practicable under
the existing conditions and ci.cumstances but
also for acting whenever possible to avoid the
need for subsequent noncompetitive contracts.
This process shall include--

(1) Examination of the reascns precluding

competitionr for the current requirements;
~

(2) Taking steps to foster competition in
the future, particularly with respect to the
availability of complete and accurate data,
reasonableness of delivery requirements, and
possible breakout of components for
competitive contracting.
In March 1984, the Office of Federal Procurement
Policy (OFPP) issued Policy Letter B4-2, Subject:
"Noncompetitive Procurement Procedures.” The letter sets strict
limits on agencies' use of sole source contracts, requiring the
use of competitive awards except in seven specified
circumstances. OFPP Policy Letter 84-2 is reprocduced in

Appendix F for the reader's convenience; it was implemented
p I

in the FAR by FAC 84-3, issued 29 June 1984.




The DoD, through directives and instructions, provides
the program manager with additional guidance concerning
competition. DoD Directive 5000.1 presents effective competition
as one of the primary acquisition management principles:l

Effective design and price competition for defense

| systems shail be otained to the maximum extent

practicable to ensure that defense systems are
cost-effective and are responsive to mission needs.

For major systems, DoD Instruction 500C¢.2 defines the

I content and structure of{ the Defense Systems lcquisition Review -9 3
Council (DSARC).2 The instruction places heavy emphasis on _ A %
. review of the program's acquisition strategy, including both — ]
! design and price competition, at major milestones. Although DoD ?é.w}
Directive 5000.1 and DoD Instruction 590C.2 emphasize the DoD's _
. prcference for competitive procurement, neither document provides I
i ~—

det.iled guidance on establishing production competition.

In addition to regulations and instructions, the DoD
has initiated several policy initiatives associated with T

N increased competition. The Defense Acguisition Improvement

F Program, instituted in 1981, includes an initiative to increase
competition in the acguisition process. In addition, a

High-Level Working Group on Competition has been established

lDepartment of Defense Directive 5000.1, "Major
System Acquisitions," USDR&E, March 29, 1982.

MRty

. 2Department of Defense Instruction 5000.2, "Major
; System Acquisition Procedures," USDR&E, March 8, 1983
3 ®




under the direction of the Under Secretary of Defense for
Research and Engineering. The Group currently is investigating
ways to increase effective competition within DoD. Within the
services, Competition Advocates have been appointed to encourage
competitive procurement practices and to challenge
noncompetitive procurements., Furthermore, the services have
embarked upon special programs to increase competition in all

phases of the acquisition cycle.

In summary, the program manager is required by law and
requlation to incorporate effective competition in the
acquisition of weapon systems, whenever practicable.

Furthermore, the current emphasis on increased competition

Therefore, the program manager must recognize production
competition as a critical issue and anticipate consideration of

the issue 1in program reviews and budget justifications.

1.2 TYPES OF COMPETITION

In order to undertake analvses and implementation of
production competition, the program manager must have a clear
understanding cf the concept of competitive production.
Competition in defense acquisition is a broad concept that

encompasses several procurement techniques and strategies. The

program manager should understand two important distinctions
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that delineate this broad concept. First, design competition
must be distinguished from production competition.3 Second,
the distinction between different types of production
competition, such as buy out and split buy, shculd be
recognized. These distinctions can assist the program manager
in applying empirical evidence and theory to a particular

program.

Design and Production Competition

Design competi.tion, which occurs during a program's
vaiidation or early design phase, involves development of
competing solutions to satisfy a mission need. The purpose of
the competition is to select the best technical approach within

affordable costs.

Design competition generally occurs prior to .
full-scale development (FSD), when it is unreasonable to solicit
binding production cost proposals from the contractors.
Probable life cycle costs normally are included in the source ;-
selection criteria; however, technical uncertainties associated
with the development of a complex weapon system render the cost

estimate equally uncertain.

3For a more detailed discussion of this

distinction, see Benjamin Russell Sellers, "Competition in the
Acquisition of Major Weapon Systems," Naval Postgraduate School, :
September 1979, a8




Design competition, according to the carry-over theory
of the 1960s, results in lower total program coat.4 The —
theory contended that competing firms would generate
cost-effective and technicaily superior designs. Proponents of
the carry-over theory develop acquis.tion strategies that —
feature several competing design firms, ultimately leading to a

single FSD and production contractor. This strategy is

graphically portrayed in Figure 1.2-1. -

®
i EXPLORATION| VALIDATION FSD PRODUCTION
| -
FIRM A -
FIRM A o
UNIVERSITY L
FiIRM & l(sonE souRce) —
- 4
FIRM B
FIRM B &
GOVERNMENT LAB :
-~ .
FIRM C
FIRM C
P
FIRM D P -
— e __
Figure 1.2-1 Design Competition Acquisition Strategy
4 o L. . e
Benjamin Russell Sellers, "Competition in the T T
Acquisition of Major Weapon Systems," Naval Postgraduate School,
September 1979.
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The program manager should note that the carry-over
approach establishes an intense competitive environment, since
only one contractor may proceed with FSD and production. Ths
competing contractors are faced with an all-or-nothing

situation.

Several authors have suggested that this intense
design competition provides a strong incentive for contrac ors
to propose optimistic cost estimates. They argue that
contractors, faced with technical unceitainty in a competitive
environment, adopt the most optimistic view and subsequently may
propose unrealistic costs. The program office, equally
enthusiastic abcut the program, accepts these optimistic cost
egtimatea. When technical problems arise during FSD, the
government has lost its monopsony leverage and must renegotiate
witnh the single source FSD contractor. 1In such a situation,
technical difficulties or contractor proposed technical
enhancements often lead to higher development and production

costs.

This contention has been supported by recent empirical
evidence that suggests single source FSD programs exhibit larger

cost growth than competitive FSD programs.S Furthermore,

SL0u Kratz and Larry Cox, "Bnalysis of AMRAAM
Acquisition Alternatives: Phase II," The Analvtic Sciences
Corporation, May 1982.
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this evidence indicates that tctal rrogram cost growth, including
g both development and production costs, is greater during the FSD

phase of a program.6

i Competition for the best technical design is entirely
different from production competiticn. Production competition
involves maintaining multiple supplier: of identical or

E functionally identical equipment. 7The gcals of production

competition are to obtain the lowest fair
to encourage improvements to quality, and

industrial base. An acquisition strategy

and reasonable price.
to enhance the

featuring production

6',-
; competition is presented in Figure 1.2-2. As shown, the second '
E. production source can begin educational and quali “ication
E activities during either FSD or production. o
: -]
%‘ The program manager must recognize that design and E
production competiticon are distinct. Each has 1ts own goals and i_»ul
each can be undertaken with or without the other. If production j
competition is to be pursued effectively, its foundation should
be laid while the program is under the positive influence of ‘® B
design competition. This may require obtaining data rights, -
negotiating royalty payments, and defining technology transfer '172
o
arrangements. .
)
5Louis A. Kratz, et al, "Electronics Cost ;i:;j

Research," The Analytic Sciences Corporation, January 1984, Ly




. EXPLORATION| VALIDATION FSD PRODUCTION
[
'
FIAM A
FIRM A
i UNIVERSITY ﬂ
F1RM A |(SYSTEM DEVELOPER) .
FIRM 6
COMPETITIVE SPLIT
FIRM B A
£ Q __ __ __ __FIRM B (SECOND SOURCE)
QOVERNMENT LAG
_______________ S
. FiIRMA C
i FIRM C ¢
E FIRM D ,)
.-; - .
i o
. Figure 1.2-2 Prcduction Competition Acquisition Strategy

Production Competition

: The acquisition strategy presented in Figure 1.2-2

g involves two production sources in continuous competition. The

program manager should recognize that other techniques alsoc are




referred to as production competition. These techniques can be
defined along two dimensions: the number of producticn sources,

and the number of competitions undertaken.7

The number of production sources refers to the number
of sources maintained over time. In some arrangements, the
Qinner of the competition receives all of the production quantity
which is up for bid. Thus, only one producer is manufacturing
the system at any time. In other strategies, the winner of the
competition receives a proportion cof the production guantity and
the loser receives the remainder. Thus, two or more firms
manufacture the system simultaneously. These two concepts can be

distinguished as winner-take-all and dual source or sn»nlit buy.

The other dimension of production competition 1is the
number of times that competitions are held. Production
competition can be held once, or there can be several
competitions during the production phase. This dimension, in
conjunction with the number of production sources maintained, can

be displayed in a matrix as shown in Table 1.2-1.

7 . . . . .
For a more detailed discussion see, "Quantitative

Acguisition Strateyy Models," Sherbrocke and Associates,
March 1983. 1-13
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TABLE 1.2-1
TYPES OF PRODUCTION COMPETITION

Division of Number of Competitions
Production Quantity

One Reprocurements
Winner-take-all A B
Dual source C D

The program manager must select one type of production
competition based upon program goals and circumstances. The
benefits and risks associated with the various types of
competition are presented in Appendix A. The subject of this
handbook is continuous production competition, shown by Case D in

Table 1.2-1.

In case D, the production quantity is split between two
producers, but the split may be changed through a series of
reprocurements. As long as the firms remain competitive in terms
of price and quality, they do not face the threat of losing their
production gquantity entirxely. The existence of two
up-and-running competitors provides the program manager with
considerable leverage in securing contractcr cooperation and
competitive prices. In the last few years of productiocon, or
earlier if one of the firms fails to be competitive, the program

manager may conduct a winner-take-all buy out.




A clear understanding of the distinction between the
different types of competition enabhles the program manager to
view design competition and production competition as
complementary rather than as mutually exclusive. Furthermore, a

clear understanding of production comp:tition allows the program

manager to apply relevant historical data properly to an assessment

of future production competiticn for a particular program.

1.3 COSTS AND BENEFITS OF PRODUCTION COMPETITION

The DoD has undertaken several competitive production
programs. These programs have formed the basis for attributing
numerous costs and benefits to production competition; however,

the attainment of specific henefits on prior programe deoecs n

o

t

he

=]

ensure that those benefits will accrve to future programs.
program manager must recognize that production competition is a

complex undertaking, requiring substantial management effort to

secure benefits.

The Benefits of Production Competition

Numerous benefits have been attributed to production
competition, ranging from decreases in unit procurement cost to
increases in equipment quality and industrial productivity. The
most often cited benefit has been a reduction in unit procurement
costs, leading to overall program savinygs. Several studies have
documented the empirical r<sults concerning this benefit. The

results indicate that different cost outcomes have been obtained,

1-15
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dependirg upon specific program circumatances.8 Thus, the
program manager cannot rely on a simple savings factor, such as
25 percent, but rather must concentrate on program

characteristics.

Competition may provide an incentive for contractors to
inprove the quality and performance levels of their systems.
Furthermore, it has been suggested that in a competitive
envircnment contractors are more likely to propose cost-reducing,
rather than cost-increasing design changes. Thus, control of
cost growth also has been identified as a potential henefit of

s 9
competition.

An enhanced industrial base is another potential
benefit of competition. Establishing two prime contractors may
provide increased surge and mobilization capacity, while
lessening the potential for program delays from labor disputes.
Furthermcore, several authors have suggested that in a competitive
environment contractors are more likely to invest in
productivity-enhancing capital equipment. It is argued that
contractors, by undertaking such investment, may improve their
competitive position for future contracts--government and

commercial, foreign and domestic.

BSee for example: J. W, Drinnon and J. R. Hiller,
"Predictinq the Costs and Benefits of Competitive Production
Sources," The Analytic Sciences Corporation, TR~1511, December 1979.

9Louis A. Kratz, et al, "Competiticn of Defense Procursa-
ments: Evidence, Theory, and Application,” The 1982 Federal
Acquisition Research Symposium, Washington, D. C., May 1982.

l-1le6

:

L v . -
L o v ! .

. AN 1 . -

—ala atalal ) & mmaacins e

,;‘
N

o




A corresponding benefit of competition is a wider
geographical dispersion of effort. This diminishes the effect of
natural disasters, while enhancing political support for the

program.

These varicus benefits can be summarized by noting that
competitive production increases the program manager's levarage,
In a competitive production program, the program manager does rot
face a monopnly supplier. Thus, contractors should be more

cooperative and responsive to the needs of the program.

The Costs of Competitive Production

The program manager shcould recognize that production
competition also involves additional costs. The most
recognizable cost to the program manager is the increased initial
funding necessary for sclicitation of a second source, technology
transfer, procurement of tooling and test equipment, and
gualification testing. These nonrecurring costs are incurred

early in the program.

Additional government administrative costs also are
required to institute production competition. These costs are
associated with secnnd source selection and gualification,
recurring solicitations and contract award, and coatinuous

management of two contractors.

B
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Another potential cost of competitive production
involves the effect of competitive pricing on contractor
investment. It has been argued that competition may lead to
reduced contractor preofitability, ultimately resulting in a

decrease in capital j.nvest:men’c.]'0

Furthermcre, the
competitive split buy may lead tc excess capacity, further

reducing capital investment.

Balencing the Costs and Benefits

The relevance of the various costs and benefits to a
particular program depends upon the goals and circumstances of
ttat program. In addition, there is conflicting evidence as to
*he effect of competition. For example, a cited benefit of

mpetition is an increase in capital investment while a cited
..st is a decrease in investment. The program manager must
bal=nce the costs and benefits of competition based upon
econoimmic, technical, and management analyses that reflect program

characteristics.

Additionally, the program manager must keep in mind
4
that the question of whether or not to establish competitive

production sources is largely an investment decision: what are

lOM. N. Beltramo and D. W. Jordan, "A Brief Review
of Theory, Analytic Methodoleoqy, Data, and Studies Related to
Dual Source Competition in the Preocurema2nt of Weapon Systems,
Science Applications, Inc., August 1982 (hereafter referred to as
SAI-22) .

et




the expected returns on the large expenditures required to
establish competition? As in any investmer.t analysis,
consideration must be given to alternative application of the
investmnent dollars. For example, the program manager should be
prepared to explain why the government's intercests would not be
better served by increased DoD investment in the developer's
capital equipment. Or, why would it not be better to increase
the developer's rate to its most efficient point? The point is
that the program manager considering production competition must
analyze an array of strategies when developing the program

acquisition plan.

1.4 EMPIRICAL RESEARCH

As discussed in Section 1.3, one of the benefits of
production competition is a reduction in unit procurement ccsts.
Numerous studies of competition have been undertakan based upon
different data sets and different methodologies. Several of

these studies are summarized in Tables 1.4-1, 1.4-2, and 1.4-3.

- -.o'- -
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TABLE 1.4-1
ESTIMATED PERCENTAGE SAVINGS DUE TO COMPETITION

§ MISSILES AND MISSILE COMPONENTS
l Equipment IDA-74 | APRO-78 IDA-79 | TASC-79 SAI-82
. TOW Missile 48.1 8.5 8.9 12.3 11.0
| DRAGON Rcund 2.7 2.8
SHILLFLAGH -0.2 5.9 -8.0 9.4 -10.4
TALOS (G&C unit) 42.3 40.8 39.8
. BULLPUP 12 (Martin) 13.9 31.7 26.5 25.8
) BULLPUP 12 (Maxson) 45.8
SIDEWINDER AIM-9D/G -4.6 0.7 -22.0
SIDEWINDER AIM-9B 1.6 -5.6
Standard Missile MR
RIM §6A -4.2 59.2
standard Missile ER
RIM 67A 34.0

TABLE 1.4-2
ESTIMATED PERCENTAGE SAVINGS DUE TO COMPETITION
TORPEDOES ANL BOMBS

R TRy - YU - S

w

o

.

IN

-3

-3

N)

W

o

L]

IN
1
0
A

Equipment on—75 TAvRo-78 | 1om-75 | TAsc-75 | saz-s2) —
HAWK Motor Parts 6.4 45.7 49.9
TOW Launcher
DRAGON Tracker 12.0 12.3 T
SPARROW AIM-T7F .
(G&C Unit) ~-31.4 - {
MK-48 Torpedo 4!-»1
o Warhead 53.2 48 .6 .
Y MK--48 Electric
assembly 37.5 47.0 i
' MK-48 Exploder 61.2 S
o MK-48 Test Set 61.8 <
g Rockeye Bomb -23.0 -4.5 3.7 ..
[ MK-46 Torpedo
s Airframe & G&C -36.4

&! g
N N
Note: IDA-74 is footnote 12, APRO-78 1s footnote il, IDA-79 is
footnote 13, TASC-79 is footnote 14, and SAI is footnote 10.

;
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TABLE 1.4-3
ESTIMATED PERCENTAGE SAVINGS DUE TO COMPETITION
ELECTRONIC PROGRAMS

Equipment IDA-74 | APRO-78 IDA-79 TASC-79 SAI-82

‘ FAAR Radar 16.6 l6.6

: FAAR TADDS 18.2 18.2

g AN/ARC-131 -2.1 -16.2
UPM~98 Test Set 3.0 11.5%
PP-4763/GRC Fower Sup .3 5
TD-204 Cable i

Combiner 52.5 46 .8 40.2
TD-352 Multiplexer 57.8 | 58.0 55.6
TD-660 Multiplexer 30.2 38.3 28.4 . )
60-6402 Elec. Cont. |57.0 49 .4 52.7 )
SPA~66 Radar Ind. -3.4
APX72 Airb. Transp. [32.6 27.1 23.3 -
AN/ARC-54 55.0 63.)
AN/PRC-77 34.8 20.5 41.9
AN/GRC~-106 43.3 41.8 oLl d
AW/GRC-103 i 58.7 60.1 .o )
AN/APM-123 61.2 67.7 _
SPA-25 Radar Ind. 21.3 48.8 10.7
USM-181 Test Set 36.0 56.0 36.3
FGL-20 Teletype 32.0 23.7 39.9 ;
MD-522 Mod/Demod 60.3 58.6 51.9 -]
Cv-1548 Signai Conv !93.7 64.0 4% .4 _®
AN/ARA-63 Radic 57.9 ]
AN/SQS-23 208A B
Transd. 32.2

AN/PRL-25 55.0 ]
AN/ASN-43 10.7
AN/FYC-8X 43.2
MK-980/FPS-5 56.¢C 66.5
PRT-4 42.3
Aerno 42-0750 54.8
derno 42-2028 19.9

The key point from Tables 1.4-1, 1.4-2;. and 1.4-3 is :
that savings attributed to competitive production cannot be : 'Aj

viewed as a simple factor, such as 25 percent. Savings figures

result from specific program characteristics. Additionally, * -
different methodological approaches to calculating the savings
indicate different results.
K
Fortunately, several recent efforts have focused on .
specific case reviews of coantractor price behavior in & -;




competitive environment. Efforts by Lovett and Norton,ll

Zusman,12 and Daly13

have demonstrated that competition
positively affects contractor price behavior. (These studies are
summarized in Appendix B.) These efforts have led to the

evolution of a commnon framework that can be used by program

managers to estimate the pctential price effect of competition.

The framework is based upon the effect of competition
on the original producer's price behavior, as evidenced by
progress curves. The framework postulates that establishment of
production competition leads to both ar immediate price reduction
and to subseguent price reductions which are greater than would
have been obtained with the single source. These ideas are

characterized by Drinnon and Hiller as a downwerd shift and

[H]

steepening, or downward rotation, of the progress curve, as Sl

presented in Figure 1.4-1.14

1lE. T. Locvett and M. G. Norton, "Determining and

Forecasting Savings from Competing Previously Sole Source/
Noncompetitive Contracts," Army Procurement Research Office, APRO
709~3, October 1978. (APRO-78)
o
12M. Zusman, et al, "A Quantitative Examination of oo
Cost Quarntity Relationships, Competiticon During Reprocurement,
and Military versus Commercial Prices for Three Types of
Vehicles," Institute for Defense Analysis, Program Analysis
Division, Study S-429, March :9/4. (IDA-74)

13George G. Daly, et al, "The Effect of Price

Competition on Weapon System Acquisition Costs," Institute for
Defense Analyses, P-1435, September 1979. {IDA-79)
14

J. W. Drinnon and J. R. Hiller, "Predicting the
Costs and Benefits of Cormpetitive Production Sources," The o
Analytic Sclences Corporation, TR-1511, December 1979. (TASC-79)




a “ﬂk\ﬁ\_\xﬁkﬁ“‘\“\
2 -
o poo T
= SHIFT h
ziy  =mmaeal
S “ROTATION
o \\\x\\
O
-

LOG OF CUMULATIVE QUANTITY
Figure 1.4-1 Framework for Assessing Production Competition

The framework presented in Figure 1.4-1 can be used by
the program manager to conceptualize price behavior in a
competitive environment, The framework is intuitively appealing,
in that one would expect prices to decline in a competitive
environment, relative to a single source environment. Several
researchers have applied or expanded the shift and rotation
formulation. For example, Bemis applied a similar formulation to

[+

. . . . X . 15
an analysis of the High Speed Anti-Radiation Missile (HARM).

15Johu C. Bamis, "HARM Missile Competition
Analysis,"” Office of the Under Secretary of Defense Research and
Engineering {Acquisition Management), Contract Administration,
July 1982.
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Most recently, Kratz incorporated consideration of production
rate variations on unit price and presented additional cases of

changing price behavior.16
1.5 OTHER EFFECTS OF PRODUCTION COMPETITION

Production competition is a complex undertaking that
affects every aspect of the program. Prior cumpetitive
production programs provide vaiuable lessons learned in the

following areas:

. Program office staff

® Schedule

° Capital investment

) funding

° Technical specification and performance
® Contracting

The program manager should note that the influence of competition
in these areas presents potential opportunities to take advantage

of the competitive environment, as well as potential problems.

For example, production competition may require
additional program office administration and personnei. The
program manager must recognize that this is not merely a matter
of additional staff. Successful production competition requires

a dedicated management team. Obtaining such a team is difficult

16 ouis A. Kratz, "Dual Source Procurement: An
Empirical Investigation," The Analytic Sciences Corporation,
EM-223~WA, August 1983.
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when faced with DoD personnel constraints. Furthermore,
increases in program cffice staff may lead to coordination

difficulties, due to the complexity of a larger organization.

The procram manager mnust recognize that the process of
selecting and qualifying the second producer may affect the
program échedule. Additional development time may be required to
qualify the second source, and the production schedule may have

to be adjusted to accommodate second source qualification.

The existence of two suppliers also presents the
program manager with several opportunities. For example, two
suppliers could be used to ensure the successful development of a
critical subsystem. In production, two sources could absorb an
accelerated production schedule more readily than a single

supplier.

This latter opportunity assumes the contractors possess
adequate facilities. Facility levels and capital reguirements
are difficult to determine in a competitive production program.
The program manager must assess the desired level of capacity at
two plants with limited knowledge of how many units eventually
will be produced in each specific plant. Furthermore, the
program manager must address the issue of contractor versus

government funding of capital equipwent.

P
!
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In addition to potential capital costs, the program

manager also must identify required funding for other
nonrecurring costs that are incurred early in the program. For
examle, funds must be obtained to provide for *echnical data
rights and transfer, selection of the secornd source, and
gualification of the seccnd socurce., These costs and their
effects on program funding profiles are recognized by 035D, as
evidenced by Deputy Secretary of Defense Memorandum on
Programming and Investing for Competition.l7 The memorandum
requests the services to identify the additional funding required

to establish production ccmpetition for promising programs.

The funding issue extends into recurring costs also.
In support of the Program Objective Memorandum (POM) and Five
Year Defense Plan {(FYDP), the program manager must estimate

potential production costs under a competitive approach. Often

these estimates must be prepared four to five years in advance of

the budget year. This situation is complicated further by the
critical requirement to identify sufficient funds to ensure
successful program execution. Insufficient funds may lead to
such a reduction in annual procurement quantities that

competitive production is not feasible.

The technical nature of the end item and the technical

performance of the contractors also are critical factors that

l7William H. Taft IV, "Programming and Investing
for Competition," Deputy Secretary of Defense Memcrandum
12 March 1984.
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must. be considered by the program manager. The des -e to obtain
competitive production may preclude the incorporati - of
advanced, proprietary subsystems in the design. The item itself
may be so complex that even a capable second scurce would have
difficulty producing the item. Furthermore, the second source
may not be interested in truly whole~hearted competition, but
rather the firm may be content with the smaller share of
production. The program manager must recognize the potential for

contractor gaming from both sources.

Many of these potential technical probklems can be

addressed through innovative contracting approaches. Data rights '5{ ;1
clauses, incentive provisions, and milestone schedules can be

incorporated into deveiopment contracts to enhance precduction ;4&;4;-
competition. The program manager should note that this requires {;;-:;f
early acguisition strategy and contract planning. Once in

production, a method must be devised to limit contractor gaming ;.;,;;4

during the split buy award.

POVON

These issues are discussed in detail in the remainder -
of this handbook. The program manager must realize that

competition is not a panacea, but rather a complex undertaking.

The cowplexity of the task should not discourage che program
i manager, for many of the problems encountered on prior programs
can be avoided through use cf the techniques and tools presented

in Parts II and III.

—
|
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1.6 SUMMARY OF COMPETITIVE PRODUCTION

This chapter has introduced the program manager tc the

concept of production competition. As the program manager

proceeds through this handbook, an increasing level of detail

will be presented; however, the program manager should not lose

focus of the overriding general principles. Specifically, the

program manager should note the following:

There is a growing momentum within Congress and
the Dol for increased competition, especially
competition d ring production.

This momentum is fueled by the numerous benefits
that have been attributed to competition; however,
the costs of competition also must be recoqgnized.

Production competition is a complex undertaking
that requires careful planning and analysis.

Design competition and production competition are
distinct but complementary concepts.

Empirical r ‘earch has yielded diverse results
concerning mpetition, indicating a need for
analyses that reflect program characteristics.

A framework has been developed to assist the
program manager in that analysis.




2. TECHNIQUES FOR ESTABLISHING COMPETITIVE PRODUCTION

This chapter discusses techniques that have been
employed by DoD in transferring production technology and
cstablishing competitive production sources. These technigues

include the following:

) Form, Fit, and Function
) Technical Data Package
® Leader-Follower
® Licensing e
® Contractor Teaming -;f!*;ﬂ
Following a brief description of each technique, the S
-1
advantages and disadvantages of the technique are discussed and ~M§—w4
an historical example is presented. Applicability of these E:
techniques to lower tier items and suppliers also is discussed. i“%
- e
Details on implementation of the particular approaches are w*!?fﬂ

presented in Part III. 3 4

2.1 FORM, FIT, AND FUNCTION

The Form, Fit, and Function (F3) technique involves

the solicitation of alternative suppliers based upon performance —“f“**
and external interface specifications, allowing design and

manufacturing flexibility. Potential second sources are provided
with functional specifications regarding overall performance, Tf‘L—‘;

size, weight, external confiyuration, interface requirements, and

2-1
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mounting provisions. Cnce selected; the second supplier is given
total design freedom concerning the internal configuration of the

eyuipment.

Advantages of the F3 Technigue

The primary advantage of the F3 technigue is that
it does not require a detailed data package.1 Thus, the
government need not validate and maintain a design package.
Furthermore, the government need not assume roasponsibility or
liability for technolégy transfer. The second source contractor
is responsible for the item design. If the end item does not

meet specifications, the contractor must alter the design.

This methcd also maximizes the potential production
unit cost reducticn due to competition, because each firm can
design the system baéed upon its manufacturing process. The
second source is not constrained to manufacture to the

developer's internal design.

Disadvantages of the F3 Technique

The F3 technique also presents several

disadvantages. The second source must undertake a system

1For a more detailed discussion of the advantages

and disadvantages of the various technology transfer techniques,
see: Benjamin Russell Sellers, "Competition in the Acquisition
of Major Weapon Systems, " Naval Postgraduate School, September
1979,
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development program. For more complex items, this may require
considerable effort in time and money, thus delaying the

initiation of competitive awards.

In addition, since the design of the second source's
item is different from that of the original producer, the second
source's end items must be qualified omn unique test equipment.
Furthermcre, special tooling may be required for manufacture.
Thus, the F3 technique may involve two different sets of

tooling and test equipment.

The F3 technique also leads to multiple
configurations of the end items in the inventory. This may
increase logistics costs by requiring two sets of test equipment
and diftferent spare parts. In additi»n, the end item
manufacturers may be able to exercise monopoly pricing on spare

parts, since they each provide unique configurations.

The F3 technique also presents the risk that in a
competitive environment the contractor with the least
appreciation for the complexity of the system may bhe the low
bidder. Once awarded production gquantities, this contractor may
encounter significant problems. The program manager can avoid
this problem by cavefully constructing the source selection

criteria to highlight contractor awareness of critical elements.




An Example F3

! 3

One recent example of the F~ technique is the

Frogram

GAU-8/A 30-millimeter ammuniticn, managed by the A-10 System
Program Office. Aerojet Ordnance and Manufacturing Compzny
developed the 30-millimeter ammunition for the GAU-8 under

subcontract to General Electric, the gun system developer.

Based upon DSARC II gquidance in 1974, GE developed
Honeywell as a second production source for the ammunition, to

reduce procurement costs and to ensure an adequate supplier base.

. GE transferred the required technology based upon the technical T
specifications of the gun system. Initial production was f}l_’
achieved by Honeywell under subcontract to General Electric. s

= B —
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The A-10 program office initiated direct, competitive

buys from the two ammunition suppliers in FY¥77. The program has
been successful in lowering procurement costs and ensuring an

adequate supplier base.2 Loy

2.2 TECHNICAL DATA PACKAGE

oot

The Technical Data Package (TDP) technique of T

establishing a second production source involves the solicitation

and selection of 4 second source based upon a stand-alone

. . N Su.
2Darre11 R. Hcppe, "Dual Awards and Competition-- .
You Can Have Both," Seventh Annual Acquisition Confererce, B

Hershey, Pennsylvania. 1976&.
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technical data package. The TDP is procured by the government
from the original developer, either by exercising a
rights-to-data clause in the developer's contract or by effecting
a separate procurement. Four steps are associated with

technolcgy transfer under a TDP technique:

° Preparation of the TDP by the system developer. T

) Validation of the TDP by the program office. f:}}f
. ] Acceptance and translation of the TDP by the ]
I second source. —
. P.1

® Second source qualification and fabrication based e

or. the TDP.

Y The key to successful technology transfer is an
adequate TDP which would define the following technical

aspects of the end item:

® Specific rcguircments of the preoduct in terms of
detailed physical and performance characteristics
within the operational environment for which the

product is intended.

. 1AL

: e Quality assurance provisions, including sampling
| plans and acceptance criteria, acceptance
inspection equipment, examinations, and tests to
be conductead.

) Preservation, packaging, and packing to ensure
adequate and economical preparation for delivery
and protection cf the product from the time of
production to time of deployment.

) Manufacturing instructicns or descriptions to
ensure that contractors in the general field of B
' capability can expediticusly initiate production o
"y of the item covered by the TDP a2

3For a more detailed discussion of the TDP
technique, see: "Technical Data Package Development and
Management, " Army Management Course, United States Army ,
Management Engineering Training Activity, October 1982. °
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Advantages of the TDP Technigue

The TDP technique of establishing competitive
production sources presents several advantages. The program
manager can use a valid TDF repeatedly to maintain competition
throughout a production program. 1In addition, by procuring a TDP
the program manager maintains the potential for future
competition while committing only a small initial investment.
This is particularly attractive because the origiral producer may
offer lower prices as a step towards avoiding competition. Thus,
the program manag=r may be able to realize the benefits of
competition without incurring the additicnal tooling and
gualification costs associated with competit.ve production. For
this approach to be effective, the first preoducer must believe

that the TDP is adequate and that potential competitors exist.

Disadvantages of the TDP Technigue

The TDP technique also presents several disadvantages.
In order to validate the TDP, the program manager must have
access to a qualified engineering team. This team may be
required to function through initial preoduction to ensure

resolution of any data package problems.

By validating and releasing the TDP, the government

assumes responsibility for its adequacy. Thus, if the TDP is

insufficient to enable the second source to produce; possibly

-0
.
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because of inadequate drawings or differences in production

processes, the governmen: may be liable.

Given the complexity of modern weapon systems, it may
be difficult t. document weapon system technology strictly
through drawings. Even when drawings are complete and accurate,
technological differences between the two companies'
manufacturing methods may preclude the second source from
manufacturing strictly from the TDP. The second source may be
required to undertake reverse engineering to translate the system
design. This may result in later logistics complications if the

two designs are significantly different.

An Example TDP Program

One recent TDP competitive production program is the
AIM-7F Suidance and Control unit.4 The AIM-7F is an
air-to-air missile featuring semiactive radar gquidance and a
solid rocket mctor. Raytheon, the system developer, experienced
design difficulties leading to a slip in the development effort.
Subsequently, the Navy decided to introduce a second producticn
source to improve product quality, reduce costs, and to enhance

the industrial base.

4For a more detailed summary of the AIM-7F program,

see: "Review of AIM-7F SPARRQOW Second Source Prccurement
Program," The BDM Corporation, December 1980.

B SR &

v -




The selection and production quulification of General
Dynamics, the second source, required over six years. The
lengthy seccnd source qualification effort was in part due to
funding deferrals and delays in testing. 1In addition, General
Dynamics encountered several problems in translating the Raytheon
data package. Costs associated with establisking the second
source in then year dollars were approximately $€69 million,
including the following:

® $6 million for Raytheon's effort on the TDP..

o $11 million for Naval Weapon Center technical ' R
assistance and configuration management. ¥

) $52 million for General Dynamics first articles, wl«ﬂ;-
production learning of 70 missiles, and tooiing. ‘
The AIM-7F production competition program has been
judged by many to be a successful undertaking. Several authors
have demonstrated that the competition led to significant unit
cost reductions.5 Furthermore, a recent review of AIM-7F
reliability has demonstrated improved product quélity following _g*;' ;

the introduction of Generai Dynamics.6 , . “{ﬂj

5See for example: James H. Quinn, "The AIM-7F
Competition Presentation to the Defense Science Board," Naval Air
Systems Commnand, August 1979.

6Lou Kratz and Llarry Cox, "Analysis of AMRAAM -2
Acquisition Alternatives: Phase II," The Analytic Sciences R
Corporation, May 1982.
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Z.3 LEADER-FOLLOWER

The leader-follower technique of establishing a second
production source involves direct contractor-to-contractor
transfer of technical data. Subpart 17.4 of the Federal
Acquisition Regulation (FAR) states that this transfer can be
accomplished by awarding a prime contract to a:

® Leader company, obligating it to subcentract a
designated portion of the required end items to a
specified foliower company and to assist it to
proauce the required end items.

® Leader company, for the reguired assistance t¢ the
follower company, and a prime contract to the
follower for production of the items.

) Follcwsr company, obligating it to subcontract
with a designated leader for the requisite
ascsistance.

The FAR considers the leader-follower concept as an
extraordinary procurement technique and restricts its use to
situations when the following conditions exist:

) The leader company has the necessary precduction
know-how and is able to furnish required
assistance to the foliower.

® No other source of supply can m=et the
government's requirements without the assistance
of a leader company.

® The assistance required of the leader company 1is
limited to that which is essential to enable the

follower company to produce the items.

[ Its use is authorized in accordance with ageicy
procedures.

N T
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Advantages of the Leader-Fcollower Technique

The key advantage of the leader-follower techniaue
is the limited government liability associated with technology
transfer. Unlike the TDP technique, under the leader-follower
technique the program office is not required to validate a TDP.
Thus, the government need not assume respensibility for the
adequacy of the data. 1In sose cases, a complete TDP is not

required.

The program office must monitor technology transfer;

however, the direct contractor-to~contractor transfer facilitates

the development of the second source while minimizing government
involvement 1n technical data validation. Froblems eucounieied
in translating technical data can be solved through direct
engineering exchange between the two contrazctors. 1In some cases

the leader can qualify the follower for production.

Disadvantages of the Leader-Follower Technique

Tne leader-foliower technique also presents several
disadvantages. The program manager should note that this
technigue is limited to those programs where the original sy :-em
developer can be motivated to be a leader company. Because the
developer may be less than enthusiastic about assisting in the

establishment cf a competitcyr, the program manager should

2
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anticipate only limited cooperation from the system developer.

To enliance cooperation, innovative incentives may be required.

another disadvantage of the leader-follower technique
is that, if the follower is a subcontractor to the leader, the
program office may have limited control over follower selection
and technology transfer. Thus, the leader may be able to
forestall competition by delaying technology transfer or

selecting an incapable follower.

An Example Leader-Follower Program

One ongoing leader-follower program is the Advanced
Medium Range Air-to-Air Missile (AMRAAM}. The all-weather,
beyond-visual-range AMRAAM is being developed to be compatible
with the F-14, F-15, F-16, ¥/A-18, and other U.S. and Allied
aircraft. AMRAAM features command update inertial guidance for
midcourse control plus an active radar terminal seeker with

home-on-jam capability.

The AMRAAM program involved early design competition,
employing a five-contractor concept definition phase. Hughes and
Raytheon were selected to proceed into validation. This effort
included a competitive fly off in which both contractors were to

fabricate ten prototype missiles.

Requests for Proposals for Full-Scale Development (FSD)

included solicitation of both offerors' leader-follower plans and
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identification and pricing of any proprietary data. The source
selection culminated in the award of a fixed price incentive,
firm target contract with an award fee provision to Hughes for

FSD.

Raytheon was selected as the follower for AMRAAM and 1is
currently learning development and production techniques and
providing technical assistance to the gcvernment. Raytheon also
will coassemble test articles and early production missiles. A
separate engineering support contract was awarded to Hughes for
technology transfer to Raytheon. Long lead purchases to support
AMRAAM production are planned for FY84. Competitive production

awards are anticipated to begin in FY88.

It is too early to assess the relative benefits of the
AMRAAM leader-follower program; however, several points snould be
highlighted. First, the contractors were asked to prepare
leader-follower plans and to identify and price proprietary data
while they were in a competitive design environment. Second, the
two contractors were selected by the government and are under
prime contracts. Third, the technology transfer activities were

initiated prior to production.

Other programs have enjoyed considerable sucdess with
the leader-follower technique. The Army Missile Command success-

fully implemented leader-followcr programs on TOW and SHILLELAGH.7

-73. A. Muller, "Competitive Missile Procurement,”

Army Logistician, Volume 4, Number 6, November-December 1972.

2-12

— . - . duth . D Ao a0 o




TV T ™ . - O —— il R g TR TR et W w— w = w o m ~—

Net savings attributed to this program are $44.9 million.
Successful technology transfer, qualified second producers, and
high volume production buys are cited as key factors contributing

to its success.

2.4 LICENSING

The licensipg technique of establishing ccmpetitive
production sources normally involves inclusion of a clause in the
developer's contract enabling the government to conduct
competition for production quantities, select a winner, and
appoint him as a licensee. The developer or licenscr is directed
by the government to provide technical assistance and
ranufacturing data to the licensee in exchange for royalties or

fees.8

The program manager must recognize that, if a licensing
technique is employed, the system developer retains rights to
proprietary data and maintains system responsibility. 7The
developer grants permission to manufacture the system to the
licensee through a license agreement. The agreement normally

restricts use of the technology to the specific progcam.

8For a mo.e detailed discussion cf licensing, see:
Gregory A. Carter, "Directed Licensing: An Evaluation of a
Proposed Technigue for Reducing the Procurement Cost of
Aircraft,"” Rand Corporation, December 1974,

2=-13
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Early applications of the licensing technigue involved
! the use of a license clause in the developer's FSD contract.
Recent licensing efforts, such as the cruise missile engine, have
been initiated when no provision was included in the development
i contract. In addition, recent programs have involved developer

selection of the licensee.

i Advantages of the Licensing Technigque

The licensing technique to technology transfer

] presents several advantages. The use of a license clause enables
the program manager to maintain the potential for competition
throughout the production vhasz of a program. The potential for

competition may serve as sufficient motivation to the system

developer to control costs, quality., and schedule without

actually transferring technclogy.

In addition, the license approach enables technology

transfer to be achieved with little program office involvement.

’

I 1 DR

Thus, the administrative burden on the program office is less ="
! than the burden associated with other techniques.
B Inclusion of the liicense clause in the development Li-'--

contract establishes the potential for production competicion

! early in the program. Detaliled decisions on subcontractors and

production splits can be determined as the program evolves. ®




wi

LSRRI

- - -
)

3
R
t .
[
|
l

Thus, the program manager has ensured the potential for

competition, while not committing a large amount of funds.

Disadvantages of the Licensing Technigue

The primary disadvantage of the licensing technigue is
that the system developer retains proprietary control over the
design. This may complicate selection of the licensee, since the
full data package cannot be released. Furthermore, the
restrictions placed or the technology inhibit application of the
technology to other projects. Thus. under a licensing technique,
technical transfusion is slower than under other techniques where

the government procures unlimited data rights.

In addition, the use of royalty fees increases the cost
of the second source's end items and may preclude the second
scurce from attaining competitive prices. The second source also
may be faced with an uncooperative licensor. Under a license
approach, motivating the developer to assist the licensee may be

difficult.

Finally, under a license apprcach design accountability
could become a complex problem. The program marager may be taced
with a situation in which the licensee wins the entire production
award but the system developer retains configuration
responsibility. In such a circumstance, design accountability
could be complex, since the developer is nc lenger under

contract.




An Example lLicensing Progqram

A licensing technique was employed by the Joint Cruise
Missiles Project (JCMP) to establish a second source for the
cruige missile engine. Approximately 4,000 engines were planned
to be produced for the air launched, sea launched, and ground
launched versions of the cruise missile. In late 1977, the JCMP
initiated efforts to develop a second source to ensure adequate
supply of the strategically impcrtant engine. Williams Research,
the engine developer,. could not achieve the projected production

rates, due to capacity limitations.

Initially, Williams resisted second sourcing,
indicating that the engine incorporated extensive proprietary
data, Williams reluctantly agreed to a licensing arrangement and
selected Teledyne as the licensee with JCMP concurrence. The
license agreement established Teledyne as a subcontractor to ‘!’f'
Williamg. Williams was responsible for technology transfer and

production qualification c¢f Teledyne.

-9
The license arrangement allows the government to :
procure engines from Teledyne, through Williams, when delivery
requirements exceed 20 engines per month. The license e

arrangement also includes the payment of royalty fees to Williams

from five percent on the first 500 engines procured from

Teledyne, down to zero fee for quantities above 6,000 engines.




The key feature of the cruise missile engine project is
the program goal of assured supply. As described, the program is
not structured for truly competitive awards; however, the program
di1d succeed in establishing a second supplier, in spite of

vigorous resistance by the engine developer.
2.5 CONTRACTOR TEAMING

Contractor teaming involves selecting a team of two
major contractors to design and test a system through FSD. Each
team membesr designs and fabricates subsystems and components of
the system. The contractors then exchange design and
manufacturing data with each other, so that both contractors are
capable ot producing the entire system. Followlng qualificatiorn,

the team is split apart for competitive production.

The ccntractor team can be established in either of two T e
manners. A prime contract can be awarded to one of the
contractors, specifying that a subcontract be awarded to the
other team member. This has the disadvantage of establishing cne ? ‘é‘
of the team members as a prime contractor. Another method is to
allow the contractors to form a separate entity or joint venture,

which has the advantage of maintaining both contractors in ' ®

equally responsible roles.
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Advantages cof the Contractor Teaming Technique

The teaming technigue is attractive because of the
direct contractor-to-contractor relationship. Technology
transfer is achieved during the development phase, in which each
contractor must rely on the other to supply critical subsystems
and components. This reduces problems associated with

proprietary data claims.

This mutual reliance also provides an incentive for
contractor cocperation and enhances qualification of two sources
simultaneously. The simultanecus qualification of both producers
establishes a competitive environment at the beginning of
preducticen., FPurthermore,; the direct exchs

limits government involvement and liability associated with

technology transfer.

In addition, the team development of the weapon system
enables the program to benefit from the design talent of both
contractors. This may improve the technical characteristics of

the system or enhance the development of innovative designs.

Disadvantages of the Contractor Teaming Technique

Associated with the apparent advantages of teaming are

disadvantages. Until recently, contractor teaming was viewed

with suspicion, due to potential antitrust problems. The program

— e
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manager still must consider this potential and seek legal counsel

during the initial development of a teaming approach.

In addition, the contractors may view specific
manufacturing processes as proprietary or trade secrets and thus
not exchange all necessary manufacturing data. Once the team is
spiit, the contractors have no motivation to continue
cooperating. This potential problem can be minimized by
maintaining the contractor team until both cecntractors

demonstrate production capability.

The teaming technig'z is a complex undertakirg, even if
the
manager must anticipate the involvement of two contractor
management structures, provide for review of two facilities, and
consider the potential geographic separation of the development
effort. These factors will increase the administrative burden on
the program office and complicate program management. In

addition, the development effort may be more costly, due to the

involvement of two contractors.

The teaming technique also presents risk that, during
development, the joint venture team may behave as a single entity
and attempt to exercise monopcly power. The program manager must
recognize that the team does represent a single developer and the
benefits of competition may ke limited by team actions during

development.

i




An Example Cortractor Teaming Program

The Airborne Self-Protection Jammer (ASPJ) is an
ongoing example of contractor teaming. The ASPJ is an onboard
defensive electronics countermeasure (ECM) system used in
conjunction with a warning receiver and expendable dispenser.
The ASPJ will provide an advanced ECM suite for the ¥-14, F-16,
F-18, EA-6B, and A-6E aircraft. As such, the ASPJ is viewed as

the major ECM endeavor for the next two decades.

Contractors were asked to tszam for the ASPJ validation

effort to ensure industrial vitality. Three contractor teams
q

+tad Adurd nqg the ea ]_Y

lesign phase c¢f the pregram. The
ITT-Westinghouse joint venture was selected to proceed into FSD.
ITT and Westinghouse provide key management personnel to the

joint venture, and support it through FSD and initial production.

Although it is too early to assess the success of the

ASPJ contractor teaming, several key factors should be
highlighted. VFirst, the ASPJ program successfully incorporated .
design competition and production competition by involving fi‘;fif

multiple contractor teams in validation. Second, the :':;T-ﬁ
. T .‘

ITT-Westinghouse arrangement involves a joint verture. Third, -’~f1
the team concept was employed on ASPJ for industrial base

considerations.
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2.9 COMPETITION AT THE IOWER TIERS

There is increasing concern over the effectiveness of
production competition at the prime contractor level. This
concern arises from the contention that the value added at the
prime contractor level is decreasing due to the increasing
subcontracted portion of weapon systems. A review of the DoD
FY62 procurement of missiles, aircraft, aircraft engines, and
electronics indicated that approximately 50 percent of the
equipment value was subcontracted for major equipment and
material purchases.9 Recent estimates of the amount of
subcontracting on major systems range from €0 to 75

percent.l0

It is araqued that competition at the prime contractor
level will have little effect if a large portion of the system is
subcontracted, since the contractor would control only a small
portion of the cost. Rather, greater production competition of
key subsystems has been advocated as a means to maximize the

benefits of competition.

The OSD recognizes the potential benefits of increased

subtier competition, as evidenced by the Deputy Secretary of

9"Analysis of Extent of Competitive Procurement by

DoD Prime Contractors," Logistics Management Institute, January
1964.

lO“The Economics of Seccnd Sourcing in the
Aerospace Industry," Trainor Associates, Inc., April 1983.
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Defense Memcrandum, "Increasing Subcontract Competition,”™ S April
1984. The memorandum identifies a general set of circumstanccs
under which subcontract competition may be employed effactively.

These circumstances include the following:

o When there are high-priced components.
@ When quantities being procured are sizeable.
e When the requirements for the item are expected to

continue for a considerable period of time.

° When it has been assured that the existing
subcontractor peossesses standard manufacturing
techniques required for production of the item and
has no proprietary rights for the component bheing
considered. (If the subcontractor possesses
exclusive manufacturing techniques or has
proprietary rights, downstream subcontract
competition may still be pursued if economically
feasible or in the interest of industrial
mobilization.) '

° When to do so would fulfill a need to enhance the
industrial base or mebilization capabilities, or
when future requirements are expected to exceed
planned subcontractor capability.

) When there is a problem, or a potential problem,
in performance of the major end item that can be
attributed to the subcontracted item. Use of
another subcontractor with better manufacturing
capability or technical expertise could resolve
the problem.

In addition, the memorandum presents five possible
methods of increasing subcentract competition. These include:

° Directed Subcontract Second Sourcing ~ Contract RENEE
provisions can be negotiated that require -8
competitive purchase cf specific subccntracted
items. These items can be identified during
preaward review of the contractor's "make-or-buy"
plan.

® Use of Award Fee Frovision - Award fees can be 9

used to motivate prime contractors to increase
effective competition at the s»bcontract level.
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These fees should be tied tc established subcontract k T
competition gocals based upor historical data. _ ’ !

- - ‘..-—..-. .

® More Detailed Analysis of Subcontracter Proposals- : )
During negotiations, the prime contractor could R 'ﬁJ

be regquired tc provides the rationale for not L

competing subcontractor requirements.,
Subcontractors whose pricing trends are T
unsatisfactory could be challenged by the e
government.

) Increased Emphasis on Contractor's Procurement
Syster Reviews - Contract Administration Qffices
could review prime contractors' procurement
systems with the intent of emphasizing needed

improvement in subcontractor competition, as well
as improved subccontractor negotiations.
° Source Selection Criteria - For competitively
negotiated contracts based primarily on aonprice —
consideraticons, the extent of competition in I
subcontracting can be made a part of the source L
selection criteria. This should be in instances Al
wher. it is determined that effective subcontract PR
competition is both feasible and desirable. R
L
-8
Production competition at Jlower tiers can be effected '
in several ways. The prime contractor can conduct the
competition, perform source selection, and procure the - . -
-.9_
subsystems. In this case the cantractor assumes full
responsibility for the equipment and for qualification of the
second source. The subsystems are integrated by the prime and
)
delivered to the government as contiractor-furnisined equiprent
(CFE) . oo
-
Another approach to subtier prodvctior competiticn o
: involves greater government participation. The program manager
|
] could identify kev subccntracted subsystems and break them out

for procurement directly from the supplier. The items would then

be provided as government-furnished equipment (GFE) to ths prime

2-23




contractor for integration. This apprcach enables the program

i manager to obtain competitive prices for the subsystem while ';:;;4
reducing the overhead and fee layering of the prime contracter. Llfﬁiﬁ
The program mznager could pursuve production competition for the -—;
} subksystem by any of the technhology transfer techniques. %;Qé%

There are disadvantages associated w.th the GFE
K approach. It may raquire an increase in project office personnel
to manage the two equipment suppliers, in addition to the prime

contractor. Government administration is further increased by

—dq
Y
) the requirement t» perform acceptance tests ¢of the subsystem. 1In ";@*J

4

L . s i C o d
addition, gove. ament risk and liability is iacreased by o i
' |

|

government certification of the equipment. If the prime

i contractor encounters difficulty in integrating the subsystem, s
the government may be held responsible for deficiencies in the ;
GFE.

A -

Despite these potential problems, subsystems have been RN

: competed successfully in the past. An example of a competitive };

§ GFE effort is the Advanced Concept Ejection Seat (ACES II1), ;g__;
developed in the early 1970s for the F-15, F-16, and A-10
alrcraft. Based upon a projected high volume production phase,

® the Air Force began planning for competitive production while the -
program was still in the competitive design phase. |

R A leader-follower technigue was employed on the ACES ;!"ff

; II. Douglas Aircraft, the developer and lead company, prepared a L

i leader-follower plan as part of its development and initial '

» 2-24 .
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prcduction proposal. Weber Aircraft Company selected by Douglas

as the follower subcontractor, successfully produced aund tested
four seats by early 1979. Tec provide Weber with greater
production experience, the Air Force directed that 20 percent of
the FYB0 and 50 percent of the FY8l1l procurement quantities be

subcontracted to Wweber.

The leader and follcwer contractors competed
head-tc-head for the FY82, FY83, and F'84 procurements. The
source selection decision was to split the requirements and award
each source a prime contract. This decision marked the end of
the leader-follower concept, as the follower successfully
competed with the leader. The Air Force now has two qualified

A 2l wTal - v —_— o ke .
ALLY 1l dEaL MLUUUULGELO .

Subtier competition presents advantages similar to
prime contractor ccmpetition; however, different implementaticn
approaches should be anticipated by the program manager. The two
approaches should be viewed as complementary, rather than as
exclucive, methods. For example, one problem encountered on
prior prime contractor competitive programs was 'he reliance of
both prime contractors on one supplier for a critical subsystem
or component. This potential problem can be minimized by
establishing alternative subsystem suppliers and competition at

the subcontractor or supplier level.
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2.7 SUMMARY OF TECHNIQUES

This chapter has provided an overview of the various
techniques that have been used to estzblish competitive
producticen sources. In addition, the advantages and
disadvantages of each technique have been discussed. The
importance of subtier as well as prime contractor competition has
been reviewed. Récent DoD emphasis on increased competition has

been summarized.

The next chapter, Chapter Three, presents the
significant variables associated with production competition and
the relative zssessment of the variocus techniques in relation to

[*

the varliables.
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3. PRELIMINARY SCREEN OF PROGRAMS FOR COMPETITION

Production competition is a complex undertaking
requiring detailed and rigorous analyses of the economic,
technical, and programmatic aspects of a particular program. The
program manager would benefit greatly from a simple framework
that highlights key variables and identifies critical areas for

further analysis.

Such a framework has peen developed and published by
Sellers and Parry.l The framework can be used in a
subjective manner by the program manager to conduct a preliminary
investigation of the potential for production competition. 1In
addition, it can be used to highlight key areas and to provide
the program manager with an understanding of critical

variables.2

The remainder of this chapter will present an
adaptation of the Sellers-Parry tramework. The adaptation is
intended to provide tne program i:anager with a systematic

approach to reviewing the suitability of a program for production

lBenjamin Russell Sellers, "Competition in the
Acquisition of Major Weapon Systems,” liaval Postgraduate School,
September 1979,

Dennis S. Parry, "Second Sourcing in the Acguisition
of Major Weapon Systems," Naval Postgraduvate School, June 1979.

2'I‘his framework has been republished by Sellers,
"Second Sourcing--A Way to Enhance Production Competition,"
Program lManager, May-June 1983.
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competition. In addition, it can assist the program manager in

establishing a relative ranking ¢f the techniques of establishing
production competition, based on program circumstances. Finally,
the adapted framework can be used to support preliminary planning

for production competition.

The variables in the framework include the follewing:

d Economic
® Total guantity
® Production duration
' ] Progress curve
® Touiing and test equipment costs
® Contractor capacity
i .
Technical
o Technical complexity
_ ®© State-of-the-art )
! ® Potential for other applicaticns B
® Privately funded research and development
é Program _e®
) Maintenance reguirements
° Production lead times
s ® Degree of subcontracting »
e Contract complexity

- Following a brief definition of these variables, the

g )
: relaticnships between the variables and the various techniques of T

establishing competitive production are discussed.

] .
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3.1 ECONOMIC VARIABLES

The economic variables include those factors that would

be involved in a cost-benefit analysis. & more rigorous

consideration of these variables is presented in Chapter Four.

This section presents the relative influence of the variables on

the potential for competition. The variables include the

following:

Total Yuantity -- In general, the larger the

guantity to be procured, the greater the potential
for production competition. The total quantity
must be large enough to allow the program to
recoup the initial investment in the seccnd
source.

Production Duration -- In general, the longer the
production phase, the more attractive production
competition becomes.

Progress Curve -~ The progress curve represents
the relationship between unit cest and cumulative
quantity. If unit costs decrease rapidly as
cumulative quantity increases, the second source
may not be able to compete effectively with the
more experienced original producer. Hence,
production competition may not be attractive.
Conversely, the flatter the first source's
progress curve, the greater the potential for
production competition.

Tooling and Test Equipment Costs -- The
establishment of a competitive production program
frequently will require an investrent in special
tooling and test equipment for the second source.
The more these costs increase, perhaps due to more
sophisticated equipment, the less apprealing
production competition will appear.

Contractor Cspacity ~-- The availability of
production capacity may be an important factor in
the preduction competition decision., For example,
a system developer may not possess encough capaciiy
t¢ ensure timely delivery of a strategically
important systen or subsystem. On the other hand,
if the system developer possesces excess capacity,

3-3
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splitting the preoduction run may increase costs
through increased overhead per unit.

As described, the economic variables are closely
related and cften interdependent. Furthermore, the program
manager must make a subjective assessment concerning the slope of
the learning curve and the magnitude of anticipated tooling and
test equipmenc :osts. On the other hand, the prograim manager
should have an inventory objective and procduction schedule. For
all variables in this preliminary screen, the program manager
should compare the preogram's values to other similar programs.

In this manner, the program manager can judge the relative values

of the variables without undertaking detailed economic analysis.

In addition to economic¢ issues, the program manager
must investigate the relationship cof other critical issues to the .
producticn competition decision. The technical characteristics
of the weapon system often are crucial considerations in the
production competition decision. In addition, the technical
nature of the equipment is a primary determining factor of the
technology transfer method. The technical variables include the
following:
® Technical Complexity -- '"he complexity of the
equipment refers to the number of external and
internal interfaces, as well as the degree of
software dependency. The more complex the system
is, the less appealing production competition
appears. Furthermore, technology transfer -8
techniques that involve direct contractocr-to- o

contractor exchange are preferred for more complex
systems.

3-4




® State-of-the-Art -- If the technology employed in
the system is pushing the state-of-the-art,
technology transfer is difficult to effect and
production competition is difficult to establish.
Extensive assistance from the system developer to
the second source may be required to achieve
technology transfer.

) Potential for Other Applications ~- If the system
or technology embedded in the system has potential
for other government or commercial applications,
industrial interest in the project may be
heightened, leading to intense competition between
potential second sources. On the other hand, the
system developer may resist competition and
attempt to protect the firm's interests in the
project or technology.

e Privately Funded Research and Development -- The
development of modern weapon systems frequently is
achieved through a mix of government and
contractor funding. Thus, a system developer may
have legitimate proprietary claims that must be
recognized by the program manager. The greater
the contractor investment in the weapon system
development, the more difficult it is to secure
unlimited rights to required technical data.

A review of these technical variables can provide the
program manager with useful insights concerning the relative
attractiveness of production competition and the applicability of
the technology transfer technigues. For example, if the program
manager knows the program iavolves a complex, state-of-the-art
system, the TDP technique may not be applicable. Further
analysis of the TDP technique may not bhe required. These issues

are concidered in more detail in Chapter Five.

3.3 PROGRAM VARIABLES

In addition to the technical characteristics of the

equipment, other program issues may affect the attractiveness of

3-5
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production competition. These issues include the following:

D

Maintenance Requirements -- The introduction of a
second production source may lead to the fielding
of two configurations, thus the system maintenance
cornicept should be reviewed with respect to
production competition. Often, the system
maintenance concept is not defined early in the
program design phase. This allows the program
manager to investigate equipment commonality
trade-offs between the producers, considering the
maintenance concept. If the maintenance concept
is defined, the level of equipment commonality
consistent with the concept may determine the
method of technology transfer.

Production Lead Times -- Prcduction lead times are
a key determinant of the timing of initial
production competitiorn.. Once qualified, the

second source cannot be requested to bid
competitively before piroducing the end items at
rate and delivering such items. If production
lead times are long, the initial competition may
be delayed and competition becomes less
attractive.

Dagree o0f Subcontracting —— Tha daares of

.......... - o =%

subcontracting a2lso may be a key production
competition decision variable. Lower tier
constraints may force both prime contractors to
procure subsystems from the same suppliers. This
would diminish, but not eliminate, the potential
benefits of competition. Similarly, if a large
amount of the weapon system is subcontracted,
prime contractor competiticn may be ineffective,
since the contrac-.cr controls only a small portion
of the cost.

Corntract Complexity ~- The more complex the
original production contract is, the more
difficult implementing production competition
becomes. The use of Incentives, warvanties,
goals, and thresholds on the oricginal contract
incrrase the complexiivy of establishing a
competitive production program. Compoetition often
reguires incentives and clauses to be inciuded in
the developer's contract. Tie incluricn of many
incentives or gomnls may force the contractor to
trade off selected incentives.

These variables present the key issues the program

manager shou'!d review in initially addressing the production

36
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compecition decision. A more detailed analysis would consider ?f;jlﬂ

issues such as funding, program advocacy, and scheduling. These

issues are discussed in Chapter Six.

3.4 A PRELIMINARY SCREEN

0
[
=]

The economic, technical, and management variables
be used by the program manager to investigate the relative
attractiveness of production competition and the relative
strengths of the various technclogy transfer techniques. 1In a
preliminary investigation, a detailed consideration of each
variable is not possible. In fact, if the program manager
undertakes this preliminary investigation during concept
validation, many of the variables will not be defined. This
limitation requires the program manager to employ a more
subjective approach which allows the identification of critical

issues without becoming weighed down in detailed analyses.

The following five-point evalvation system can be used
to rank the effectiveness of alternative techniques in relation

tc the key variables:

® * for a particularly prefeirred method

) + for strong effectiveness

® 0 for neutral

® - for weak effectiveness

° x for a particularly inappropriate method
3-7
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The assessments of each variable in relation to the
various technology transfer techniques are presented in Table
3.4-1. The program manager is cautioned that the variables are
not additive. Any particular variable could either preclude
competition or serve as an overriding justification to pursue it.
Kather than proposing a deterministic model, the framework
presents a simple method that allows the program manager to gain
an overall view of the potential effectiveness of production

competitior in relation to a particular program.
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TABLE 3.4-1
SUMMARY OF PRELIMINARY SCREEN

n PRODUCTION COMPETITION METHOD
: Decision Form Technical
Variable Pit Data Leader~ Contractor
Punct ion Package Licensing Follower Tleaming
: IECONOMIC
- ] L Quantity
Hiagh + + + + +
Medium + + G 0 +
Low 0 0 - - 0
" Curacicn
: " Leng + + + + +
E ! Medium + + 0 + +
, ' Short 0 0 X X 0
: | Tool:ng Cost
' v High - - - - X
: i Low + + + + +
. ' crogress Curve
y- : Steep - - - 0 0
? Contractor Capacity
y Excess - - - - -~ R
; ' Deficient + + + + + L
L TECHNICAL S
- Complexity "‘—‘H
- ligh 5 X + + * AN
L Medium + - + + + C
Low + + + + + DRI
State-of-the-art Do)
Pushing 0 x + + * e
u Witiin + + + + + .
o Other applications N
L Yes + 0 + 0 +
: NG + + + + +
X Private R&D
: High 0 b4 0] b - DR
ﬁ‘ Low + 0 + + + . ]‘
- [PROGRAM -®
¢ Maintenance o ]
L Requirements
: Complex X 0 0 0 o ]
Ncminal + - + + + 1
Production : i
Lead times 7‘—-«1
Long - - - - - ;ﬂ
Stort + + + + + .
)egree of .
subcont -acting B
Heavy bl - - - - : ce
Light + + + + + K
Centract :
Complexity o
Complex - - ~ - - C
Simple + + + + : ‘
.

w
[
0
®

ey
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The general assessments presented in Table 3.4-1 are
based upon the definition of the variables and the experience of
prior DoD programs. For the most part, the framework presents
assessments that could be deduced from careful reasoning. For
example, if significant maintenance requirements are anticipated,
an F3 approach is not recommended. This is based upon the
internal design freedom affcorded the second source. Similarly,
if the system either is pushing the state-of-the-art or is highly
complex, contractor teaming may be preferred. This is due to the
direct contractor-to-contractor involvement under a teaming
approach. In addition, a leader-follower or directed licensing
approach also may be applicable for highly conplex systems, due

to direct contractocr-to-contractor technical exchange.

Given these considerations, the program manager should
focus on identifying relative, but realistic, variable asssssment
values based upon the particular program. The framework can
previde useful management insights, but it is limited by the
validity and rigor of the values. If the program manager

exercises sufficient care in assessing the variables, the

framework can identify critical areas for further research.

Thus, to employ the framework, the program manager must
undertake some limited preliminary analyses. These analyses may
assess the program's progress curve or rank the technical
complexity relative to prior production competition programs.
Following this, the program manager can use Table 3.4-1 to

investigate the potential for competition. If the variables
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overwhelmingly favor a pa;ticular approach cr approaches; thcese
areas should be investigated in detail, as described in Part II.
If the variables overwhelmingly indicate that competition is not
applicable, the program manager may begin to investigate other
methods to contrel costs, or the program manager may seek to
overcome those barriers to competition which were revealed by the

preliminary screen.

3.5 EARLY PLANNING

The results of the preliminary screen can be used to
support early program plarnning for production competition. This
will ensure that early activities enhance rather than preclude
future produciion compétiticn. If the preliminarv analysis
indicates that production competition may be promising, the
program manager should undertake the following:

) Secure unlimited data rights from the system

developer by including a data rights clause as an
option con the development contract.

e Assess the potential for second source interest in
the program by conducting preliminary market
surveys.

o Include anticipated funding reguirements in the

POM and FYDP.

® Investigate special tooling and test eguipment
reguirements.

° Identify critical constraints to production
competition.

These activities can be accomplished at little cost, while
enhancing the ability of the program manager to implement
production competition later, if the detailed analysis indicates
competition is liikely to be beneficial.

3-11
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PART TWO

EVALUATION OF PRCDUCTION COMPETITION

4. ECONOMIC ANALYSIS
5. TECHNICAL ANALYS!S
6. PROGRAM ANALYSIS

7. EVALUATION SUMMARY
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4. ECONOMIC ANALYSIS

Production competition is a compiex undertaking
requiring detailed economic, technical, and proJram analvses
based cn sp:cific program circumstances. The results of these
analyses are crucial to the succ2ssfrl planning and
tmplementation of production competition. Chapters Five and Six
present tecnnical ana proyram analyses. This chapter presents
the econuvmic analysis of production competiiicn, incluiing the

following:

» Ovarview of economic anzlysis
> K2y eccunomic variables
. Calculaticn of the net prescne value of
comgetition
® Uncertainty and sensitivity analysis
e Compucer assistance
(3 The OSE CAIG Approac .
< The OSD PESC Approach
4.1 OVERV1IEW OF ECONOMIiC ISSURS AND PROCESS

T¢ evaluate the econcmic effectiveness of production
conpctition and to differentiate between alternative ccompetitive
strateqies, the pvogram manager must view competition as an
investment decision. The key elements of the investment equation
are reduced unit procurement costs, increased up-front costs, and

increased government adminizstreation costs. In addition, the
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potential effects on logistic support ccsts must be considered.
This trade-off is unique for each program, being determined by

nrogram circumstances.

This chapter presents an approach which can be used by
the program manager to perform an economic analysis of the likely
valueg of production conpetition. The approach concentrates
strictly upon program-specific features. Broader concerns, such
45 a technically enhanced industrial base, overhead absorption,
and company-funded research and development are not addressed.
Those issues afe economic 1n nature and possibly could be
quantified; however, they are associated with defense industrial
base policy and are better addressed by policy makers on a

DoD~wide level.

The econcmic analysis described in this chapter can be
employed by the program manager in any phase of the acquisition
cycle. The confidence that the program manager places in the
results of this analysis should be determined by the accuracy and
aderuacy ot the data input to the analys.is. ° *he carly
Jdevelopment phase, the program manager may ua - ke this
analysis to support early planning with little emphasis placed cn
budget development. As the system progress.c through its
development cycle, tne program manager should undertake
additional analyses to refine the program plan and to support
budoget 3ubmissions. Thus, the proygram manager should view the
eccnomic analysis of producticn competition as a cecntinuous
process, as presented in Figure 4.1-1.
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EXPLOAATION YALIDATION FsD PRODUCT:CHN/CRPLOYMNENT
—_——]
g
PREL I RIKARY
SCREEN TO
SUPPORT EARLY
PLAKN | 6 PREL (MimASY
ANALYSIS TO
SYPPORT STRATEGY
DEVELOPIENT
DETAILED !
AMALTYSIES
TQ SUPPORT
f80 DECISIaN;:
AND BUDGET |;
T
DETAILED AMALYSI|Y
TO SUPPORT i
SHPLEMERTATION
PLARRING AND A
FIODUCTION DRECISION
l:cwn-ul-,u ANALYS1S
T0O SUPPILHT BUDGETING
WID | PLEMENTATION
Figqure 4.1-1 Economic Analysis of Production Compet.tion ]

L J
The program wmanager also should note that as a system s
advances in development, the reliability of the cost and
technical data associated with the system increases. As  1
confidence in available data increases, the economics of the *“‘f—ﬂ
production competition decision can be reviewed in several ways.
Two ways cf assessing production competition are presented; the
net present value approach and the OSD approach, following a ‘“‘!“'1
detailed discussion of the key economic variables. f
s ]
4.2 XEY ECONOMIC VARIABLES ]
1
1
Numerous costs and benefits have been attributed to !
. ; ‘s . . -2
procduction competition. This chapter will concentrate on those :
variables that directly influence a program manager's assessment g
4-3
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of production competition, including the following:

) Noarecurring cost

) Single source recv-cing production costs

) Original source recurring production costs

o Second source recurring production costs

® The effect of production rate on unit production
cost

® Government administrative costs

® Logistic support costs

® "The use of a disgount rate

Nonrecurring Costs

Certain nonrecurring costs are associated with the

establishaent of production competitiocon. 2Bccause they are
incurred early in the program, it is important that these costs
be reviewed and estimated with care. The nonrecurring ccst
elements associated with production competition include the - k
8
following:
[ ] Contractor research and development
) Technology transfer
o Production qualification of the second source and ' 1
its suppliers
® Additicnal capital egquipment, test equipment, and :
tooling j
-
] Government and contractor management -T
® Facilities costs (if applicable) i
|
Contractor research and development costs refer to the - 9
costs associated with efforts undertaken by the second source to '
4--14
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| translate and utilize the design specifications. This may
| require reverse engineering of selected components. In addition, e

i research and development efforts may be undertaken to redesign

components or subsystems which the developer has claimed as

proprietary. e

|

t

|

; The program manager should note that different

t technology transfer cechnigues may have different contractor
research and develupment costs. For example, a ftorm, fit, and
function (F3) technique may require a substantial amount of
contracior develcpment. Similarly, a technical data package
(TDP! technique may regqiiire reverse engineering. In contrast, a
leader-follower approach should not require as high a levei of

contracter development as the cther two technigues.

The technology transfer costs are cetermined by the ';7‘:i¥ 
competitive production technique which 1is employed. In the case _f“’_; ”'
of a TDP technique, these costs include developer preparation and
government qualification of the TDP. 1In the case of a
leader-fcllower technigue, these costs include the cost of the e
leader's assistance to the follower. Under a licensing

agreement, a rovyalty may be involved.

The costs associated with production qualitication of

the second source and related suppliers also must be estimated.

These costs irnclude the cost of items fabricated by the second

source for qualification and the cost of government test

faciiities and personnel.
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Additional capital equipment, test eguipment, and
tooling costs must be calculated also. It is often assumed that
thiese costs are twice the capital costs of a single source
approach. This assumption may be useful for early assessments;

however, it ignores the effect of rational production planning.

An estimate of capital costs should reflect the
existence of two production lines, each one smaller than that
established under a single source approach. Thus, if procurement
guantities of 1,000 units per year are anticipated, a single
manufacturer would tool a line to be efficient at 1,000 units per
year. If two manufacturers are producing the same 1,000 units

per year, they should tool their lines at less than 1,000 units,

L PR-R Hp =1

In addition, the capital equipment dedicated to a
procgram by a particular contractor includes general purpose
equipment which the second source may already have on-line. If
the equipment must be procured, the contracting office will need
to determine which costs, if any, are allowable for

reimbursement,

Specialized test equipment is the key cost element in
the capital equipment category. For complex systems, guality
contrcl requires that the developer and the second source use
identical test equipment. This establishes a requirement for
duplicative sets of test equipment dewn to the lowest level.

4-6
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Fortunately, this cost is also the easiest to estimate, since the

developer's test equipment is priced in the development contract.

Government and contractor management costs reflect the
additional government c¢r developer administration associated with
solicitation, selection, and award of the second source contract.
Incremental program office perconnel costs incurred during

learning and directed buys are included in this category.

These nonrecurring cost elements may appear to be
clearly defined and dJdistinguishable from one another. 1In
reality, the costs are often ill-defined, highly aggregated, and
difficult to estimate. For instanne, the second source may be
awarded a single contract to produce several items for
qualification. Included in that contract price are costs
associated with research and development, fabrication, and gfjf."
qualification. Of course, delineation of the specific cost af7'¥”
elements is uannecessary ir a particular case as long as all cost B

elements are reflected in the estimate.

Table 4.2-1 presents a matrix to assist the program L :
manager in tabulating nonrecurring costs. The table includes g :
fiscal year spreads in order to enhance budgeting and o

discounting. s 'J‘_-




& T T

TABLE 4.2-)
NONRECURRING COSTS

~ T

1scal Year 1

T e T

Cost Element FYXX FYXY FYXZ Total

Contractor R&D

Techrology Transfer

Qualification of
Secord Producticn
Source

T T T T T

Capital Equipment
and Tooling

Special Test Eqguipment

Government &
Contractor
Management

* Total

Single Source Recurring Production Costs

ni A

Caan

s Recurring production costs for derense weanun systems
are estimated in 3z variety of ways. Cne comnmon estima*ing
technique is the progress curve. A pragress curve regpresents ths

percent reducticn in unit cost or price as a result of some
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percent increase in production quantities.1 The convention

ﬂ used 18 to indicate what percent reduction in unit cost would
occur based on a doubling of production quantity. For example,
if producrion vnit number 1,000 of a missile program costs

m 3500,000 and the progress curve is 80 percent, one would predict
unit number 2,000 to cost 80 percent of $500,000 or $400,00C. A

typical prcgress curve is shown in Figure 4.2-1.

10C

N _2)
-‘ -‘ ' ‘.
Rt
S

UNIT COST

Bl
Snrenewe & sv—

.’

j

4

50 100
QUANTITY

ﬁ Figure 4.2-~1 Progressgs Curve

Different authors use different terms, sometimes

interchangaably, when discussing progress curves. Often used

> terms include "cost improvement curve,® "learning curve,” and
"experience curve". The term "progress curve” is used in this

handboock to distinguish it from the learning curve. The latter

1
- ]
implies reductions in labor hours due to worker learning. The 2

1The concept of a learning curve was formulated by B
T. P. Wright in 1936, based upon the manufacturing lator hours of '
airframes. Since this early develcpment, the concept has beer ~
expanded by several authors to include price-quantity
relationships. See for example, "Perspectives on Experience,”
Boston Consulting Group, 1968.
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progress curve includes all recurring costs, amortized capital
cost, overhead, and profit. Thus, the progress curve presents
the unit cost toc the government (or contractor price). This
distinction is crit ~ally important with respect to the
competition analysis. Prior studies of production competition
have documented changes in contractor price behavior due to
competition, but they have not analyzed labor or production
tehavior charges under competition. Therefore, the learning
curve concept is roc narrow to use in the analysis. A detailsd

discussion of progress curves is presented in Appendix D.

Single source recurring production coastsa c¢can be
estimated directly from the unit cost prcgress curve.2
Typically. these costs will be estimated by comptroller cr
program office personnel and used as the program baseline. The
unit cost progress curve formulation is given by equation 4.2-1.

B

v A-X (4.2-1)

Where:

unit cost of the item number X
first unit cost

cumulative guantity produced
exponent which deascribes the slope
of the progress curve, defined

as the ln (progress rate)/ln(2)

> >N
E a0

The single source cost could be estimated by summing up
all irdividual unit costs associated with a given productioh run;

however, this process wculd e laborious and time consuming.

2'I‘he unit cost formulation is used in assessing
production competitior. because it reveals changing cost behavior
more readily than the cumulative cost formulation. For a more
detailed discussion, see Appendix D and: Lou Kratz and Larry
Cox, "Analysis of AMRAAM Acguisition Alternatives: Phase II,"
The Analytic Sciences Corporation, May 1982.
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Fortunately, the program manager can simplify the computations by

noting that the progress curve is a ccntinuous function. Thus,
the area under the curve is the total cost for a given number of

units produced, as illustrated by Figure 4.2-2.

UNIT PRICE

M
CUMULATIVE QUAKTITY -
i Figure 4.2-2 Single Source Recurring Production Costs . 23

As the number of units produced increases, the unit

cost declines, based upon the progress curve formulation. The

i unit cost curve is derived from equation 4.2-1, using the ll
Frogress curve exponent, B. The curve crosses the v-rtical axis ‘»”?
at point A, the first unit cost. The total cost of producing {' ;

Y N-K+1 units is the shaded area, which shows the cost curve from ;‘~‘i

- unit K through unit N. —}
]

1

b; Using this approach, the total cost may be found by e

usirg integral calculus to estimate the shaded area, as shown in

equation 4.2-2.




CIK.N) = == [NB+1 - KB+1] (4.2-2)

the cost c¢f producing all units
from K through N. Thus, the total
units produced in a lot = N - K + 1,

where: C(K,N)

A = first unit cost

B = ln(progress rate)/1ln(2)

One should note that the form of equation 4.2-2 is
different than 4.2-1 in several important ways. The intercept
term, A, is now divided by one plus the progress rate, 1 + B.
Also, the exponent is 1 plus the progress rate, 1 + B, instead of
just B. These changes come about through integratioan of eguation

4.2-1 (i.e., application of a technique in integral calculus].

The form cf the cquation represents the total cost of producing N —
- K + 1 units. If one used equation 4.2-1 directly, it would be

necessary toc calculate the cost of each unit, then sum the total

:
]
costs. Equation 4.2-2 allows immediate calculation of a very . ]
close approximation of tcotal costs. ERRERY
T 4
R
3
To illustrate equation 4.2-2, assume that first unit ]

[ 4

cost is $10,090 and the progress rate is 90 percent. The cost of

the third production lot, which begins at vait 15% (K=155} and

continues to unit 210 (N=210), would be estimated as shown in

1
]
equation 4.2-3. The value B + 1 equals 0.848. 1
i
)
i




848

C (155,210) = 210" - 155'848} (4.2-3)

$10,000
.848

Total Recurring Lot Cost = $249,425
A total of 56 units are produced (N-K + 1 = 56) at an average
price of $4,454. The substantial decline in price from the first

unit price of $10,000 is due to the progress function.

Criginal Source Recurring Production Costs

Competitive recurring producticn costs also are
astimated using pingress curves; however, changes to the progress
lack

~ - Bk ¥ . . : : 4
curve are intreduced to xcf centractony price behavier in a

competitive environment. Fur: hermore, costs wust be zscimated

for two contractors, the deveioper and the second source.

Priovr empirical studies have indicated that continuous
production competition leads to <hanges in the puice behavior of
the original producer. These studies suggest that when
competition is introduced into a previously single source
program, the original producer may offer an immediate price
reduct:ion. This ‘s shown as a downward shift cf the producer's
progress curve. Furthermore, the empirical researcli indicates
that the original producer, faced with annual recumpetitions,
continues to vffer price reductions at a faster rate than would
be expected from the previously demonstrated picgress curve.
These reductions are shown as a rotation of che original
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produc r's progress curve. Given this behavior, the costs of the
original source's production can be presented as shown in Figure

4.2-3,

PROJECTED SINGLE
/SOURCE CURVE

/ DEVEZZPZ;;W
// COMPETITIVE CURVE
(I,

CUMULATIVE QUANT!TY

Figure 4,2-3 Original Source Recurring Producrtion Costs

T T TR T T T R
UNIT COST

Based upor equation 4.2-2. the original producer's costs can be : :

esrimated by integrating the coriginal prodyress curve and *he "Q =
“=
cowpetitive curve. This is shown in Equation 4.2-4. ]
4
A B+l B+ A' [ B+l (N+1)B'+1] (4.2-4) ;
% T @1 V-t f e |

e ey
4
where: 4 b
. B

C_ = total recurring cost of the origiral prcducer

o] .
. C s -®
A,A' = single source and .implied) cowxpetitive R
first unit costs

1
E,B' = single source 2:3 competitive progress rate :
N,M = laet units produced sole source and 9 '

competitively

HN,M~-N = total units produced by +he original producer . !
both single source and competitively

i-14 .
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The first half of equation 4.2-4 represents the total

cost of production during the sole source phase. The parameters

e
A and B and the production quantity N determine those costs. The '
second half of the equation calculates the total production costs
(for this producer) under competitive production. The parameters ‘;'
A' and B' and the production quantity M - N determine the
competitive costs.
-0
The program manager must recognize that the magnitude s
of the potential shift and rotation is dependent upon program
circumsiances, including the following: o .
° Intensity of the competition - If the original
producer perceives that the second source cannot
be competitive, perhaps due to inadequate
technology transfer, the oriqginal producer is less
likely to offer price reductions. “®
° Timing of the competition - If the competition is .
held ea-ly in the production cycle when
producioility risks still remain, the original
producer will be less willing to cffer large price _
reductions. "@

o Ability of the original oproduce: tc reduce costs -
If the system was competitively developed and the
original producer has demcnstrated adequate cost
contrel, the contractor may not be capable of o
further price reductions. Conversely, if the e :
original developer has experienced significant =T
cost growth, competition may lead to greater
control and large cost reductions.

® System and manufacturing technclogy - If the

manufacture of the system reguires complex 0.
processes and equipment, the original producer may
be unable to ofier large price reductions.




The shifts and rotations observed by one author on
prior tactical missile programs are shown in Table 4.2--2.3
The large variance in opserved shift and rotation should convince
the program manager that the use of average values is
inappropriate and that program circumstances must be considered.
The programs shown in Table 4.2-2 involved different contractors
and different technology transfer technigues. Furthermore,
competition was introduced at different points in the production
phase for each progaram. The table is an example cf the empirical
research that indicates the need for program-specific analysis to
determine the shift and rotation parameters appropriate to the
analysis at hand. The program manager is cautioned nct to accept
simplistic averazges. It is suggested that the program manager
assume some reasonable set of parameters that adeguately rsflects

program circumstances, then conduct sensitivity analyses.

It should be recognized that the cost base to which
competition savings apply is not necessarily tvhe total ccst.
There may be vendor and lower tinr costs which would not be
changed substantially by the use of competition at the prime
contractor level. 1If, for example, the vendors were already
producing at coumpetitive rates bescause of other programs, there
could be few gains from additional competition. The prcgram
manader should determine, within reasonable bounds of estimation,

what the appropriate cecst base is for competition analysis.

3Larry W. Cox and Jacques S. Gansler, "Evaluatinrg
Liie Impact of Quantity, Rate, and Cowmpetition,” CONCEPTS, The
Journal of Defense Systems Acquisition Management, Volume 4,
Number 4, Autumn 1981.
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In relation to this point, it may be argued that
| wherever prime contractors have a common vendor or supplier, that
cost should not be considered as having a potential competitive cost

reduction. However, that argument overlooks the overhead and fee

which can be loaded onto the item's price and which can be
reduced for competitive advantage.

TABLE 4.2-2
OBSERVED SHIFTS AWND ROTATION

‘]
Program Contractor Shift (%) Rotation (%)
(Downward) (Steepening)
SPARROW Raytheon 4 8
BULLPUP Martin 14 13
TOW Hughes 15 32 ]
AIM-9B General Electric 9 6 i
AIM-9C Raytheon 10 7 T
J

Second Source Recurring Production Cost

- ‘.\. ———
Costs for the second producer must be estimated also.
The undetermined issue is the second source progress rate and o
first unit cost. Limited research has been performed in the area i ,if_
of second source cost behavior. Recent studies indicate that the if?:i?
second source may demonstrate a lower first unit cost and steeper _,1

progress curve than initially demonstrated by the developer. The

4-17
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results of one of these studies are presentad in Table

4.2-3.4
TABLE 4.2-3
SECOND SOURCE BEHAVIOR
Progress Rate Percent
Frogram Difference First Unit
First Source| Second Source % Cost Reduction
SPARROW .87 .84 3 14
BULLPUP .82 .80 2 46
TOW .98 .89 9 20
AIM-9B .90 .83 7 17
AIM-SL .51 .87 4 18

Once again the empirical results are diverse. The
reduction in first unit cost has been attributed to technology
transfusion and reduced engineering burden. The possible causes
of the steeper progress curves are numerous and related to the
desire of the second source to bhecome price competitive with the

developer.

Due to the relationship between first unit cost

reduction and technology transfusion, the program manager must

4Lou Kratz and Larry Cox, et al, "Competition of
Defense Procurements: Evidence, Theory, and Application," The
1982 Federal Acquisition Research Symposium, Washington, D. C,
May 1982.
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assess the potential for a reduction in first unit cost based
upon program characteristics. If the second source is intrcduced
early in the program, a reduction in first unit cost should not
be expected. If the second producer is introduced after the
system has been in production for several years, a sizeable
reduction in first unit cost may be reasonable. Similarly, the
program manager must determine a reasonable assumption concerning
the second source progress rate. In making this determination
the program manager should consider the system technology, the
manufacturing techno’ogy employed, and the potential for
manufacturing innovation. Once reasonable parameters have been
identified the second source costs can be ectimated by using

equation 4.2-2.

Given the uncertainty surrounding the second source
progress curve, the program manager may desire to employ an
alternative method that avoids the many assumptions concerning
second source cost behavior. Such a method has been suggested by
the Office of the Secretary of Defense, Cost Analysis Improvement
Group (OSD CAIG). The method involves solving for the second
source cost that would ensure that the competition attains break

even. This method is discussed in Section 4.6.

Production Rate

The use of a progress curve to estimate recurring
production cost is a convenient rethod that is accepted

4-19
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throughout. Dob. The program manager must recognize that the
progress curve is limited in that it expresses unit cost strictly
as a function of cumulative quantity produced and dces not take
into account the rate of production.5 The rate effect on

unit cost may be important in competition analyses because
splitting the production run will cause each firm to produce at a
rate which is lower than what the single source rate would have

been.

Several simple models have been developed to express
unit price as a function of cumulative quantity and prcduction
rate per period. Most of these ftormulations express production
rate effects on unit cost in a manner similar to progress
curves.6 That is, a doubling in production rate per petriod
leads to a constant percentage reduction in unit cost. Several

of these studies are surrarized in Appendix C.

Mathematically, the production rate formulation can be
incorporated into the progress curve function as shown in

eguation 4.2-5.

°R. Crouch, "Avoiding Bias in Progress Function,”
Defense Management Journal, Third Quarter 1980.

6See for example, John E. Bemis, "A Model for
Examining the Cost Imblicatioens of Production Rate," CONCEPTS,
The Journal of Defense Systems Acquisition Management, Volume 4,
Number 2, Spring 1981.
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Z = A-X R (4.2-5)

Z = unit cost of the item numher X
A = first unit cost
X

= cunulative quantity produced

[o+]
"

exponent which describes the slope

of the progress curve, defined as

the ln (progress rate}/ln(2)

R = production rate in a particular period
C = exponent which describes the slope

of the production rate curve, defined

as the 1ln (production rate parameter)/
In(2)

This formulation is used by several DoD components to
capture the effects of production rate on urit cost.7 The
Defense Systems Management College also has sponsored research
based upon this formulation.8 The formulation is a simple
method to incorporate the effects of production; however, to
employ it the program manager must have some indication of what _huiﬁ_
the parameter should be. The program manager may be able to
arriv at guch a parameter based upon should-cost studies of the

system developer. Also; care should be taken when extreme o

changes in quantity are analyzed. For example, if the

TCharies Ayers, et al, "The AFSC Froduction Rate Y
vVariations Mocdel: Prototype Documentation,” The Analytic
Sciences Corpecraticn, TR-4612-2-1, May 1984.

8Edward J. Downing, et al, "Economic Production
Rate Study,” The 1983 Federal Acquisition Research Symposiurnr,
Williamsburg, Virginia, December 1983.




T emam e e -

developing contractor is tooled to produce at 1000 units per year
and budget cuts cause the rate to drop to oL X) units per

year, it is possible the contractor will changs some of his fixed
costs. Therefore, the rate formula in its original form may well

have to be modified.

Government Administrative Costs

In addition to contractor production costs, the program
manager also should consider additional government management and
administration costs associated with competitive production.
These costs include additional personnel and facilities to
conduct the solicitation, selection and award of competitive
contracts, follow-on lot acceptance test, and the continuing
managemeint of two contractors. Unfortunately, these costs have
not been identified for prior programs; thus, no historical data

base exists. -

This lack of historical data shculd not limit the
inclusion of government pe .sonnel costs for future programs. The
program manager can make reasonable assumptions concerning
incremental program office personnel such as an additional
technical monitor, additional cost analysts, additional
engineering support, and additional contractirg personnel. These
personnel requirements can be translated into costs by use of

standard federal pay scales. The costs should be expressed by ®

fiscal year to facilitate discounting analyses.




A

Configuration management costs :c-ould ke higher under
competitive production and should be consideved. The problem of
maintaining two on-going production lines which produce possibly
identical products could be substantial. However, one also might
observe fewer engineering changes than under sole source
production. Thus, the program manager should consider the

incremental costs, schedule delays or other problems associated

with competition and configuration management.

The program manager also should be aware oi the effect
of competition on the costs of other programs which the
contractor may have. For example, if competition leads to a cut

£

back in tne “irm's production quantity, the firm may reallocate
fixed overhead to other programs in the plant. The costs of
those programs would increase, but that cost would not be

considered in the competition decision.

Logistic Support Costs

The use of production competition to reduce acguisition

costs may adversely affect logistic support costs. This adverse
effect would be due to the additional costs of supporting two
fielded configurations. The magnitude of these costs is a
function of the extent of commonality between the two producers'’
configurations. Two fielded configurations could adversely

affect all logistic support cost elements, including the

following:

- -
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° Manpower and personnel

) Supply support

] Support equipment

» Technical data

° Training

® Facilities

) Packaging, handling, storage, and transportation

The program manager could limit the potential logistics
cost by requiring both producers' configurations to be compatible
down to the throwaway level. This approach constrains production

flexibility, thus limiting the potential for cost-reducing design

changes. In addition, this severe constraint may require the use
P A v . - e el e A e e A e - - .m—a Y L. | S, T - a v Y T - . . » .
Vi LT Daluc DuLviiviacviuLulr s vl VECLIULIL D 2y PDULlL dydLel CulllLlaviul >.

Thus, production cost reductions may be further limited.

The program manager is faced with a trade-off between
production flexibility and potential support cost increases.
These potential increases, and thus the degree of design
flexibility, are determined largely by the weapon system support
concept. For example, a tactical missile supported under a
"wooden round" concept may provide ample design flexibiiity with
no increase in support cost. The missile is GO-NO-GO tested in
the field. If a faiiure occurs, the missile is returned to the

responsible contractor.

The "wooden round” example is in contrast to a missile

supported under a two level maintenance concept. A missile

4-24

A

A caasaasa A A .




B )|

T

failure would lead to subsystem fault i1solation. If the two
production contractors exercised unlimited design flexibility,
the failed subsystem may not be interchangeable with one from the
other producer. Thus, it would be necessary to stock spares for

both configurations including subsystems, components, and parts.

Innovative approaches toc the logistic support cost
effects should be investigated. The use of contractor warranties
may limit the initial support cost effects of two configurations.
Field failures would be returned to the responsible contractor.
The warranty approach has the advantage of the contractors
pricing their support in a competitive envircnment; however, this
is only an interim solution. Normally, the program manager must
port of the system,

Major programs are required to conduct logistic suppor:
and life cycle cost analyses. In regard to production
competition, it is suggested that the program manager rely on the
logistics cost analysts and engineers to identify the cost effect
of design differences at various levels in the configuraticn.
These personnel can employ existing life cycle cost models and
the selected system support concept to identify potential cost
effects. Table 4.2-4 presents a matrix to assist the program
manager in tabulating potential incremental operation and support
costs. The table includes fiscal year spreads to enhance

budgeting and discounting.

D

i U
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TABLE 4.2-4
INCREMENTAL OPERATION AND SUPPORT COSTS

Fiscal Year
Cost Element Total

FYXT| FYXU}] FYXV | FYXw| FYXX | FYXY | FYXZ

Manpower and
Perscnnel

Supply Support

Support
Equipment

Technical Data

Training

Facilities

Packaging,
Handling,
Storage, &
Transportation

Total

Discount Rate

The esonomic analysis of production competition
can be viewed as an investment decision: initial nonrecurring
investment versus future recurring returns expressed as reduced
unit producticn costs. This comparison is similar to a standard

return on investment analysis.

4-26
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One key feature of return con investment analysis is
consideration of the time value of money tarcugh the use of a
discount rate. For example, one dolla: invested today at an
annual interest rate of ten percent is equivalent to $1.10 one
year from row. Similarly, $1.10 one year from now, assuming a

discount rate of ten percent is equivalent to $1.00 today.

In conducting investment decisiorn analyses, the program
manager is required by OMB Circular A-94 and DoD Instruction
7041.3 to use a ten percent discount rate cn constant year dollar
estimates. Application of the ten percent discount race to the
annual cost and benefits of production competition will enable
the program manager to calculate the net present value of

comperition.

4.3 CALCULATION OF THE NET PRESENT VALUE CF COMPETITION

The economic analysis of production competition can be
viewed as similar to the analysis of any other investment
decision. A key tool in such analysis is the calculation of the
net present value of the investment. In assessing production
competition, the net present value can be calculated as shown in

equation 4.3-1.




v ——— v

o ol Lo

NPVC = 58 - (C,+C

1% + G) - NR - LS (4.3-1)

vhere:

NPVC = net present value of production
competition

8s = discounted prcocjected single source
recurring production costs

C, = discounted projected recurring
production cost of the original
producer in competition

=

C2 = discounted projected recurring
production cost cf the second
producer in competition

G = discounted incremental governm it
adiministrative cost associated with
competition

NR - discounted nonrecurring costs

associated with competition

LS = discounted i-cremental logistic
support cost .ssociated with competition

Equation 4.3-1 presents the summation of all relevant economic

variables. This can be simplified as shown in egquation 4.3-2.
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NPV = Present value of net cost reduction - (4.3-2)
present value of nonrecurring costs

CR. NR., + LS.
NPJ/ = — - 3 i 1
(i+r)*t ~  (i+p)?

]

net present value of competition
investment

where: NPV

CR = net cost reductions due to competitive
production in year i (stated in
constant dollars)

NR = nonrecurring costs incurred due to
competitive production in year 1
{stated in constant dollars)

LS = incremental logistics costs

r = discount rate, set at .10

The application in equation 4.3-1 yields the discounted
net present value of production competition for a particular

program. The use of this value is demonstrated using an example

presented in Appendix E.

To employ equation 4.3-2 the program manager must sum
all the relevant cost elements and potential cost reductions.
This approach would involve nine steps, similar tc the following:

(1) Estimate single source recurring production costs
by fiscal year in constant dollars based upon
progress curves and expressed as contractor price.

(2) Estimate competitive recurring production costs by
fiscal year in constant dollars based upon
progress curves. Reascnable assumptions must be
made concerning shift and rotation and the second
source progress curve.

(3) Calculate potential savings by subtracting (2)
from (1) by fiscal year.

4-29
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(4)

(7)

I (8)

(9)

T

Ty

Calculate net potential savings by subtracting
annual incremental government cost, stated in
constant dollers, from (3).

Estimate nonrecurring startup costs, stated in
constant dollars, by fiscal vear.

Fstimate incremental logistic support costs,
stated in constant dollars, by fiscal year.

Calculate the net present value of competitive
versus sole source production costs by subtracting
the discounted costs (5) and (6) from the
discounted benefits (3).

Compare discounted, constant, and then-year dollar
estimates of single source and competitive
production.

Conduct detailed sensitivity analyses to
investigate the effect of changes in key
assumptions on the estimate of savings, and to
develop a range of likely estimates.

The program manager should note that the above analysis can be
used to suppeort the budget process. 1Ti.: fiscal year estimates,
in constant dollars, can be escalated in accordance with current

inflation indices to estimate future annual funding requirements.
, 4.4 UNCERTAINTY AND SEN’ ITIVITY ANALYSIS

3 In the early phases of the program, the economic

# variables may not be well defined. Thus, there may be
uncertainty associated with the values that must be assumed in
order to conduct the economic analysis. As the system becomes
better defined, this uncertainty can be reduced. For example,
the program manager could solicit producibility studies from
potential second sources. These studies could be used to
identify reasonable second source prcgress curve parameters.

Similarly, prepriced options or price discounts cffered by the

4-30
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original source could be used as reasonable shift and rotation

measures. In addition, the program manager shculd employ ,_;;;_;

relevant historical data, whenever possible. -,'--';

These steps decrease uncertainty; however, because the ..;;;_4
economic analysis is performed based upon potential ocutcomes,
uncertainty cannot be eliminated. The key tc the basic analysis
is to effectively employ available data. The uncertainty ;N;__—J
associated with the analysis then can be addressed through

sensitivity analysis. 1In performing economic analysis of

production competition, sensitivity analysis can be used to —
.
identify key assumptions that significantly affect the T
]
competition decision. In addition, sensitivity analyses can he '
used to establish reasonable bounds around the cost estimates. .—_‘;;1
h»,—.-.ﬂ
";ié
The assumptions made concerning the values of the g
economic variables will have uncertainty associated with them. oAy
. *?JL**
This is especially true of analyses undertaken early in a o
- 4
prcgram. Sensitivity analysis can be used to identify the S
critical assumptions. If an assumption has a high uncertainty, R
@
but the variable does not significantly influence the outcome of S
the economic analysis, then the uncertainty is not criticai. L
Conversely, if sensitivity analvsis indicates that a variable has ‘ .
—
a large effect on the outcome, the program manager should RN
concentrate on arriving at the best possible estimate of that _Qﬂfj'f
variable, -
-9
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Sensitivity analysis alsc can be used to establish
reasonable cost estimate bounds. Given the uncertainty
associated with the analysis, the program manager may wish to
portray the cost estimates as ranges rather than as a peint
estimate. This approach is useful early in a program in that it
enables management decisions to be made based upon ranges of

estimates rather than a single point estimate.

In performing economic analyses cf production
competition, the program manager should conduct sensitivity

analysis on the following variables:

o Total planned quantity
* Pregress curves

- Shift and rovtaition

1) Timing of competition

Anticipated production quantities for a new program are
established by operational requirements. Often, anticipated
quantities are riot realized, due to a changing threat, revised
inventory requirements, or budget constraints. On the other
hand, potential foreign military sales may extend the production
run. The high initial investment associated with production
competition dictates that the program manager investigate the
effect of changes in total production quantities on the

production competition decision.

Uncertainty also is associated with the projected

progress curve. Prior %t¢ production, the progress curves for

—_—
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weapon systems are estimated based upon Dop experience with
similar systems and contractor data. Prior empirical studies
have demonstrated that, under competition, greater recurring ccst
savings are assoclated with flatter initial progress rates.
Therefore, the sensitivity of the competition decision to changes

in the projected progress curve should be investigated.

Similarly, the sensitivity of the production
competition decision to the assumed second source progress curve
rate must be inrvestigated. 7The empirical evidence indicates a
wide variation in steepness for tactical missiles. 1In addition,
this steeper curve is taken as an assumption, rather than being
estimated from prior data. Therefore, sensitivity analysis is

— - - > - Y o
particuiar

-

Y iRkpsr

Sensitivity analyses also must be conducted on the

shift and rotation paramet-:rs due to the dispersion and

limitations of the historical data. The greater the agsumnad -2,

shitft or rotation, the greater would be the potential savings.

More detailed anralysis is necessary to identify the minimum shift . k =

and rctation necessary to balance the costs of establishing the 7,

competitive source. If the required break-even shift and 'fo

rotation parameters are beyond the historically observed range, . f;
-

production ccmpetition may not be econcmically beneficial. If

potential savings are projected even when using conservative

assumpticns, production competition may be promising.




The timing of the first competitive award is a critical
E decision variable for any production competition program due to
. its direct relationship to the following:

) The selection of a technology transfer method

o Break-even analysis
Prior analyses have established that great:r potential savings

can be attained by initiating competitive avards earlier in the

_
F
|
-
production program. The ability of the program manager to
r conduct early competitive awards is largely a function of the
technique used to effect technology transfer. ['or example, a TDP
L; strategy may enable competitive awards to begin in the fourth S
year of production. By initiating technology transfer during

FSD, throuch teaming or a leader-follower strateqy, the program

manager may be able tc achieve competitive production awards in -ty

Y
i

3 . A .
the second or third year of production.

Early competitive awards may be difficult to achieve, -
sirce early second source involvement may be precluded by
constrained near~term funding. In such a situation, the program
manager must identify the break-even point. If second source ;-°"d

-

development and competitive production must be delayed, the point

at which compatition is no longer economically viable should be

P S R ORI

identified. For example, if effective technology transfer cannot

-

be achieved until the fifth year of an eight year production

program, competiticn may not be economically attractive.

———e—
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4.5 COMPUTER ASSISTANCS

“he eccnomic analysis of production competit.n
requires cxtensive censideraivion of all relevant variables.
Fortunately, sevaral computes-kasedl models currently exist to
assist the progran man:ger in jeriorining the necessary
calcielatiens.  Chese wdels incorporate the analytic framework
disc.ssed in tihis chapter and arv: available from internal
governmens: orgarizatiors as well ¢s from indepenient coatractors.
One model :hat cirrentiy resid»s i ar internal Jovernmant

organizat.on is the Comnpetition L[eclsion-Assict Package (CDAP).

Tre Army Frocirement kesearch Office (APRO) has

...... ~AANT & s J
A C [y as-;l-.;) ers ln

O 0

performirg economic analvsis of productiun competition. The
CDAP builds upen the basic framsw:rk presanted in Section 4.3.

‘n addition, CDFP incorprrates par-ameter Lounds and simulation to
¢i hance sensitivit, anaiysis. Cost estimates can be presented as
a vange based upon the parameter ranges that are input by the
prceram manager. The rrogvaém manager should note that this
reguires that probatbility distribu:ions for the parameters, as

well as paramete: values, be input to the model.

9Chcrles H. Swmith, "Production Rate and Weapons

System Cost: <search Review Case Studies and Planning Model,”
U.S. Army Procur-ement Research Office, Report No. APRO-80-05,
November 1980.
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4.6 THE 0SD CAIG APPROACH

The OSD Cost Analysis Improvement Group (CAIG) recently
has developed a quantitative approach to the analysis of

10 The approach is intended to overcome some of S

i competition.
the problems associated with the net present value method, in

that it requires fewer assumptions by the program manager.

Although the CAIG approach has yet to be widely vublished, it -
appears to offer a reasonable approach to the production

competition decision.

———
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The starting point of the CAIG methodology is different

>

than in the net present value methoa. The question it addresses

T

is the following: what are the additional costs which would he —_—

_— e

oma L1

imposed on the prograr office by the implementation of

competition? An accurate estimate of those costs would then tell

the program manager what savings would have to be obtained by -
competition in corder to be cost effective. The goal is to

determine the cost at which the new competitor must produce in

order to break even. This cost can be compared to the cost of

the single source contractor and be characterized as reascnatle, T

unreasonable, or marginally reasonable. The program manager then

can combine tnis information with the other nonquantifiable

loRaymond G. Bonesteele and James L. Wilson, "A
Methoé for Analyzing Competitive Dual Source Production =
Programs,"” OSD CAIG, unpublished paper, May 1964.
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benefits and penalties which arise as a result of competition to

make a final decision on proceeding with production competition.

If the CAIG approach results in a decision to proceed
with production compecition, it will ke necessary for the program
manager to perform a net present value analysis (previously
described in this chapter) in order to develop funding

requirements to use in the POM/budgeting prccess.
4.7 THE OSD PESO APPROACH

The O0SD Product Engineering Service Office (PESO) has
develcped and applied extensively an approach similar to that
~h A~

32k M m aA l oaea A 2y m e
a 1N 0€CClion 2.c. ne appriain iasd

The PESO method is siinilar to the net present value
method discussed in Section 4.3; thus, it will not be discussed
in detail. As in most of the competition models, it vses a shift
and rotation progress curve formulation with a rate adjustment
factor. Ranges of estimates are obtained using sensitivity
analysis on key factors. 1In following the net present value

method discussed in Section 4.3, the program manager wil) obtain

llJohn C. Bemis, "A Model for Examining the Cost

Implications of Production Rate," CONCEPTS, The Journal of
Defense Systems Acquisition Management, Volume 4, Number 2,
Spring 1981.
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results similar to those that would be obtained from the 0SD PESO

method, if similar parameter assumptions are made.
4.8 SUMMARY OF ECONOMIC ANALYSIS

This chapter has presented the economic analysis that
must be undertaken by the program manager in assessing production
competition. This analysis can be summarized as follows:

(1) Estimate single source recurring production costs
by fiscal year in constant dollars based upon
progress curves and expressed as contractor price.

(2) Estimate competitive recurring production costs by
fiscal year in constant dollars based upon
progress curves. Reasonable assumptions must be BN i
made concerning shift and rotation and the second R
source progress curve. '

(3) Calculate potential savings by subtracting (2) e
from (1) by fiscal year. ...,,!...-1

(4) <Calculate net potential savings ky subtracting -
annual incremental government cost, stated in ;
constant dollars, from (3).

: (5) Estimate nonrecurring start-up costs, stated in ‘“‘!~~ﬂ
‘ constant dollars, by fiscal year. .

(6) Estimate incremental logistic support costs,
stated in constant dollars, by fiscal vear.

(7) Calculate the net present value of competit:ive
versus sole source production costs by subtracting
the discounted costs (5) and (6) from the
discounted benefits (3).

(8) Compare discounted, constant, and then year dollar

estimates of single source and compet.tive -~ *'1_1
production. STy

R

A

(9) Conduct detailed sensitivity analyses to K
investigate the effect of changes in key 3
assumptions on the estimate of savings, and tc a_ a

develop a range of likely estimates.




Chapter Five presents the technical issues associated

with production competiticn that must be assessed by the program

manager.
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5. TECHNICAL ANALYSIS

A program manager developing a strategy for introducing
production competition must take into account the level and type
f technology inherent in the system's design &nad manufacturing
process. The system's technological characteristics should

influence the method of technology transfer, the economic

analysis, source selection planning, and the program schedule.

Analysis of the system's technology involves the
following issues:
) Level and type of required technology

L) Availability of alternative development and
production sources

L) status of the technical data package

° Potential for technological innovation in design
and manufacturing

. Plans for future development
® Proprietary data
This chapter examines these issues in terms of their influence on

production competition planning.1

lMuch of the information in this chapter was
developed in an acquisition strategy analysis performed in 1981
by K. E. Lanham and J. W. Drinnon (then at Putnam, Hayes &
Bartlett, Inc.) for the Joint Cruise Missiles Project.
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S.1 LEVEL OF TECHNOLOGY

The level and type of technology inherent in a weapon
system's design should influence the program manager's choice of
techrology transfev technique. For example, a technical data
package (TDP, approach to establishing a competitive production
source for a complex surface-tc-surface missile would require the
recipient of the TDP to have some in-house engineering
capability, the quality of the TDP determining the degree of
engineering expertise required. A leader-fecllower program would
probably Jemand somewhat less engineering expertise resident in
the second source, compared to a TDP approach.

N hAa
Ve waie O

ther hand, 2 form, fit, 2nd funcrion (F
program would require a much higher level of technological skill
in the second source. The second source, to be coumpetitive,
would be required to undertake significant design and
manufacturing efforts in a relatively short time, at minimal
development cost. A contractor teaming arrangement could serve
to meld the specialized technological skills of contractors

individwally lacking the broad capabilities required in a complex

program.

The prcgram manager must consider the system's
technology level when performing the economic analysis of the
second-sourcing alternative. First, the technology level will
influence the program‘s nonrecurring costs (TDP preparation,
technology transfer, capital equipment, special toocling, and

5-2
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special test eguipment costs). Second, the technology level will
add uncertainty to estimates of the effect of competition on
recurring costs. For example, in the case of a complex system,
would the second source be expected to make great improvements in
the first source's progress curve? Or would such a program
likely lead to a second source curve that 1s flatter than that
obtained by the first source? The prcgram manager can reflect
this uncertainty in the economic analysis by widening the bounds

of the sensitivity aralysis.

Similarly, because of the possibility that the second
source may experience significant delays in production
qualification, the program manager must consider the system's
technology level when assessing competition in relation to

programmatic and technical issues.

5.2 AVAILABILITY OF SOURCES

The program manager must consider technological factors
when investigating source availability. The scurce availability
analysis involves the following:

) The availability of sources capable of performing
as system integrator

) The availability of competitive vendors at the
subsystem level

Program managers c¢f prior cocmpetitive programs have been
successful in identifying qualified major contractors ready tc
perform system integration and compcnent manufacturing tasks.

5-13
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Able contractors make themselves known to the projects. For
example, one c¢f the ALCHM FSD prime contractors identified more
than a dozen firms which had demcnstrated interest in an ALCM
second source program. Years later, at least four of those firms
were actively seeking the system integrator role in the TOMAHAWK
program, creating an intensely competitive environment for
choosing a second source. At least two of the firms seeking to
become the second preoduction source for TOMAHAWK possessed all
the required technological capabilities, including the ability to

perform large-scale electron-beam welding.

Similarly, past program managers have been able to
identify second and third tier vendors who could offer hardware
at competitive prices, either to the second prime or directly to
the government in a break out program. While it is unusual for a
program to experience difficulty in identifying potaential lower
tier second sources, difficulties do arise. Prior program
managers have been ahlie to accommodate their production
competition programs tc those problems, using special agreements
to ensure that the second prime has access to the sole supplier

¢f the prorlem component.

5.3 STATUS OF THE TECHNICATY. DATA PACKAGE

The status of the technical data package is critical to

the success cf a competitive production program implemented

through the TDP approach. 1ln developing a strategy for using the

TOP approach, and in estimating its costs in the economic

e A A e e el e e . e —nse - - : sl s, e At o Busicde




analysis, the primary consideration is the date by which a
validated produc on quality TDP will be available. Normally,
the government validates a TDP only after the first source
delivers production units (built from the TDP) and tests those

units.

Achieving competition earlier than normal in a TDP
i approach can be accomplished by having potential contractors bid
on a frozern, unvalidated TDP, with source selection made on the
basis of the bid. Engineering change orders would be sent to the
second scurce by the program office, with each change requiring

contract modification. Finally, when the validated TDP is

available, the second snurce would build the system on the basis

a0

of the new drawings.

- W
By bidding a systemn on an urvalidated TDP, production )
]
competition can be established several months earlier than :;;!;;:
otherwise possible. Introducing competition eariier provides the ;
program manager with an opportunity to compete more units, but
such a procedure has the following disadvantages: ' e

° An incomplete data package could result in a
considerable number of contract modifications.

® The first source could delay providing the DR
validated TDP, thus delaying the competition. —_——n
This delay could damage the second source o
financially, leading to a complicated claims S
situation. BT,

For these reascns, use of an accelerated TDP method is )

very risky and rarely, if ever, 3ustified.
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Leader-follower and directed licensing techaniques do
not require government-validated TDPs, which suggests that these
techriques should lead to a significant reduction in the lead
time for achieving prodhction competition. Cn the other hand,
these techniques require considerable cooperation on the part of
the initial source throughout technology transfer and production

qualification.

An F3 program does not require a TDP; however, to
maintain appropriate commonality with the existing system design,
a current TDP often is provided to the second source as a
baseline. 1In a contractor teaming program, the TD? is the joint
responsibility of the two team members, so intercompany TDP

problews do not arise.
5.4 POTENTIAL FOR TECHNOLOGICAL INNOVATIOHN

A program's acquisition strategy up to the point of
production largely determines its potential for cost-reducing
technological innovations. 1If the system reaching production is
the result of a competitive development process in which cost was
a major scurce selection criteriocn, there may be little

opportunity for cost-cffective des.ign changes.

Manufacturing methods are determined by the system'sg
functional specifications, which flow from mission needs and
operational requirements. For example, TOMAHAWK's design
requirements dictated a manufacturing technology stressing ciose-

5-6




tolerance machining, electron-beam welding, extensive internal
machining, and use of forgings and castings. Prior to selection
of a production competition techaique for TOMAHAWK, a review of
the system's manufacturing processes led to the conclusion that
the program offered little opportunity for cost-reducing changes

. . . 23 .
in manufacturing technologies, unless an F~ technique was

r
g
3
i

adopted.

Competitive production programs achieve their cost
savings not from funding a second source to redesign an existing

svetem or to develop new manufacturing technologies, but rather

from the competitive pressures on two sources building the
existing design. However, if the program manager believes that

the system 1g particulariy susceptible to cost-reducing =

technological innovations, it would be justifiable to reflect

that judgment in the economic analysis. This could be reflected

i oo

- e

*ﬂ by forecasting a steeper-than-usual progress curve in the g
competitive phase of production. If the program manager's

judgment is correct, the steeper curve will be the result of

contractor investment in cost-effective technological

innovations. . )
]

5.5 PLANS FOR FUTURE DEVELOPMENT

In developing a production competition strategy, the

program manager must review future developments planned for the 'y
systen., For example, consider the programmatic implications of a

requirement to incorporate a new warhead or guidance system in a ’jfij




future variant of a current missile. These prospective
development efforts would suggest the tollowing:

| ° Establishing a second source with design

\ engineering capabilities would permit competitive
development of the required changes, with possible
cost, schedule, and technical advantages. This
consideration should be reflected in the program's
source selection planning.

° An early production buy out would proubabiy be
unwise, if it occurred prior to the redesign
efforc.

Thus, the system's planned future development efforts must be
reflected in the program managerr's analysis of and planning for

production competition.

5.6 PROPRIETARY DATA

With technolegically sophisticated weapon systems, a
program manager initiating production competition can expect to
encounter problems involving proprietary data. These problems
will usually relate to the system's design, but problems with

proprietary manufacturing processes are not uncommon.

It is important, in planning a competitive prcduction

progrvam, that all prcprietary data and processes be identified

early in the system's development cycle. The program manager B :-,1
should keep in mind that contractors ar2 more willing to resolve -
proprietary data issues in a competitive envircniment than they
are after competitors have heen eliminated. This observation has

®

some practical anplicability. For example, it should motivate -

PP

the program manager to obtain proprietvary data agreements from
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o all offerers when selecting the leader in a leader-fcllower

H progran.
5.7 SUMMARY OF TECHNICAL ANALYSIS

A program's technical content directly influences the
econcmic ard programmatic analyses of production competition.
Thus, in assessing production competition, the program manager

cshould incorporate the technical aspects ¢of the program into the

analyses. Spec..ically, the program manager should undertake the

- -4
following: '];"“‘
° Assess the relative attractiveness of the ?'1
technology transfer techniques in relation to the =
level and type of technology invclved. ]

® incorporate the technvioyy aspscis of the program J’
int~ he source availability analysis. IR
.- Lt .-‘—J
o Inv igate the potential for design or SRS
man: ~turing inncvation. R
ai ) Incorporate the potentizl for follow-on ’;"‘*
develor” »nt erforts into the production R
competi 1lon strategy. T B
o Ensurc .hat proprietary data embedded in the o
system design has been identified and priced. Qq
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6. PROGRAM ANALYSIS

Production competition 1s a complex undertaking that
influences every aspect of the program. Thus, in additior to
economic and technical analyses, the program manager must assess
the attractiveness of piroduction competition in relation to key
program variables. Specifically, the program manager should
analyze tre potential for production competition with respect to

the tollowing:

) Program funding

e Program development schedule and risk
e Production lead times

e Degree of cukcontracting

® Lower tiers
e Ceontracting and legal issues
' Program management complexity

Assessment of these critical areas can assist the program manager
in analyzing the production competition issue and in selecting a
preferred technology transfer methcd. Furthermore, the results
of these analyses could hiqghlight key areas of concern relative

to the implementation of production c¢ompetition.

6.1 PRCGRAM FUNDING

The up-front, nonrecurring costs associated with
rroduction ccmpetition are a key element of the economic
analysis. In addition to considering these costs as an

6-1
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investment, the program manager must assess the program's ability
to provide the necessary sustained funding of the nonrecurring
costs, which may be incurred over several years. This issue
could be a major determinant in the competition decision, for a
projected high return on investment is meaningless if the program

cannot obtain the necessary up-front funding.

The up-front, nonrecurring costs associated with
production competition place early pressure on a proagram budget.
On prior tactical missile programs, those costs ranged from $20
million to over $100 million.1 The program manager must
defend this additional funding based upon the promise of reduced

procurement costs five, six, or ten years later.

0SD's recognition of the importance of this early
funding is evidenced by the Deputy Secretary of Defense
Memorandum on Programming and Investing in Competition, of
12 March 1984. The mnemorandum restates DoD's commitment to
increasing effective production competition, recognizing theat
initial investments must be undertaken. The memorandum requests
the Services to identify those funds that would be required to
initiate production competition on programs that offer
substantial benefits  In turn, OSD pledged its support of these

funds during the budget process.

1Larry Cox and Michal Bohn, "An Acquisition
Strategy Comparison Model,” The Analytic Sciences Corporation,
May 1982.
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The prugram manager can enhance approvel 2f funding
through cariy plinning and careiuvl ccst estimation. QOncA an
acy - 'esition stratesy is developed: Lhe program manaycs must
cbtain the s:nport of approprie-e command «>4 headquarters
personnci. The 1unling required *o i1mplement the ztrategv must
be 1dentified aud understou?d. Curreiitly, lead times betwzen
program roqeest and release of funds span several yi?ts.z
Thus, ecrly identification of required funding in the Program

Cbhjective Memorandum and Five Year Defense Flan is crucial.

Furding limitations in the near years may preclude the
s«tablishwent of a second production source. In such o
Situation, the po>/-2m manager -hould investigate the procurement
of data rights in order v uvreserve an ontion for effecting
production compeiition later. Als., subsystem break out and

other alternatives to ena iteuw ~ompetition should b« couzidereca.

Stable program budget: are critically important during
the competitive production phasc. Budget reductions may result
in annual procurement guantities being reduccd to a level that is
insutficient to suppor:t two contractors. This risk is
particularly troublesome in compatitive programs involving major
subsystems. Reductions in the annual procurement of host
platforms have a cascading effect, leading to roductions in the

subsystem procurement. When assessing production competiticn.

2D. D. Knittle and R. F. Williiams, “"Acguisition
Strategy Development,® U.S. Army Procurement Research Office,
February 1981.
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the program manager must investigate the probable stability of
the production prograix. 'derstanding the priority ranking of
the program and its advoccacy base throughout DoD can provide the

program manager with useful insight in this area.

oy
N

PROGRAM DEVELOPMENT SCHEDULE AND RISK

Economic analyses have indicated that savings arising
from production competition can be increased by early second
sour~e involvement and early competitive awards. Furthermore,
the early introduction of a second source presents the proy:zam
manager with an oppcrtunity to reduce technical, schedule, and
cost risk, provided that the prcgram manager employs the second
source eiffectively. Ineifective or inappropriate introduction of
a second production source into a compliex development program may
increase technical risk. If realizel, these risks could result

in higher development costs or an c:tended devilapment schedule.

Modern weapon systems otion are developed undnr
conditions of extreme schedule urgency due to operational
requircments or projected threats. Typically, these systems also
push state-of-the-art technologies and involve considerabic
technical risks. Unaer these conditions, the urgjency of the
developwcnt effort may limit the ability of the pruecram office
and the contractor to develop a seccend source duriung the
development phase. The forced introduction of a second supnlier
in such a case may increase program risk bv straining program

6-4
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office and contractor personnel resources. Furthermore,
introduction of a second source during a compressed development
ef fort may resvlt in inadequate technology transfer, thus leading

to ineffective production competition.

Recent programs, such as AMRAAM, have initiated
production competition efforts while in full-scale Aavelopment
(FSD). These programs cite risk reduction and improved design
efforts as benefits of early involvement of two production
sour~es. The second source contractors on these efforts provide
the program mancter with an additional engineering staff to

2Adress technical problems ana cffer alternative solutions.

The program manager shiculd note that the serond source
IGr AMKAMAM particinated in the AMRAAM vaiidaticon phase. Thus,
when bringing the seconé source in during FSD, the program

manager gained a supplier who was already familiar with system

design and requirements. Rather than being faced with bringing a
new source up tc speed drring a complex development effort, the

AMRAAM program manager benefited fcrom the immediate availability

[ ]

cf a second desiyn and production team. ST
The program manaaer could also eftecitively employ a new
. -

second source in parallel development of high-risk, critical
components. This would enhaince the probability of program
success. Furthermore, tnuc competitive sources, if successfui,

°

could be brought into pir~duction to ensure supply. This approach

~
!

has been employed succesciclly by the Ballistic Missile Office or
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several strategic missiles, including TITAN, Minuteman, and the

Peacekeeper.3

In addition to design risk, the program may encounter
producibility risks if the required production buildup rate
places added stress on the program. If producibility problems
arise during a high buildup phase, the developer . iy not be able

to mect the delivery schedule. 1In that case, the involvement of

a2 second producer early may decrease the risk of a production
stop. The second producer can provide early technical assistance
by employing production techniques different from those employed

by the developer.

Schedule analysis and risk considerations must be _: .

o o

addressed in relation to uiigue prugram circumstances. The real
risks of technical deficiencies or production breaks must be
considered. In considering these factors, the program manager
must recognize the complexities associated with effective
technology transfer and second source qualification. These
complexities may require tl.at the second source be qualified

later in the program than oririnally preferred.

Alternatively, the program ma:ager should recognize the

opportunity to reduce risk through early involvement of a second

"*The Af.ordable Acruisition Approach Study: Data
Handbook," Air Force Sycstems Command, February 1983.

VT ¢
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source, To achieve this benefit, second socurce involvement must
be carefully planned and executed in relation to other program

activities.

6.3 PRONUCTION LEAD TIMES

In assessing the timing of second source involvement,

the program manager also must consider production lead times. If

the program involves long production lead times, the second
source may have tc be involved in the program early to ensure
delivery of production end items prior to the initiation of
competitive awards. This in turn may determine the method of
technology transfer. To investigate the effect of production

lead times, the program manager can undertake the following

steps:

(1) Identify a preferred initial competitive award
date using economic analysis.

i (2) Work back from that date tc identify the prcposal :!.”{5
evaluation period. -

(3) Work back from (2) to identify an RFP release date
and proposal preparation period.

(4) Reflecting lead times, work back to a second '! 3
source directed buy award date. The directed buy
is used by the second source to demonstrate
production rate capability. Thus, the award of a
cirected buy should be made early enough t¢ ensure
producticn deliveries prior to competitive . .
3 bidding. .

_ (5) Based upon (4), identify a second source initial
P qualification date, initial unit fabrication, and
: technology transfer period.
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These steps can be illustrated using a simple example,
as shown in Figure 6.3-1. The example assumes a producticn lead
time of 18 months, a proposal preparation pericd of 3 months, a
proposal evaluation period of 3 months, and a technology transfer
period of 12 months. it is also assumed that economic analysis
has indicated that the first competitive award should be no

later than the fourth production lot.

ACTIVITY FISCAL YEAR
85 1 &8 87 as a9 °0
1

PRODUCTION START: INITIAL AWARD
TO DEVELOPER o

SECOND SOURIE TECHNOLOGY
TRANSFER

SECOKND SOURCE QUALIFICATION UNITS
SICONDN SOURGE QUALIFICATION &

DIRECTED BUY TO SECCND SOURCE
TO DEMONTSTHATE RATE CAPABILITY
(LOT 2) [}

5
I
SECOND SOURCE DELIVERIES (LOT 2) —_————— b e =
RFP RELEASE (LOT 4) -
PROPOSAL PREPARATION —_—

PROPOSAL EVALUATION (LOTY 4)

FIRST COMPETITIVE AWARD a

Figure 6.3-1 Prcduction Lead Time Analysis

As shown in Figure 6.3-1, in order for competitive
awards to begin in lot four, the second source must be selucted
prior to the initiation of production. Furthermore, the
technology transfer period must occur during the initial
prcduction buy. Given this lead time schedule, the program

manager must either select a technolcgy transfer method that
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achileves tha2 schedule or delay the initiation of competitive

awards.

In selecting a technolcgy trarsfer method, the program
manager must recognize that it is unlikely that a validated TDP
could be prepzred and released during FSD., Thus, to initiate
technology transfer in FSD, a technique that does not rely on a
validated TDP is required. In such a case, a leader-fcllower or

licensing approach may be preferred.

These approaches present the program manager with an
opportunity to attain early competitive awards while reducing
production risk. If the second source were a subcontractor to
the csystem developer, the developer could order long lead
material for the entire second lot. A portion of the materials
then could be provided to the second source for a learning buy,
following second source qualification. This combined purchasing
cf long lead materials reduces the time required for the second
source to demonstrate rate capability. In addition, if the
second source fails to gqualify, the system develouper can proceed
with prcduction of the entire second lot. Thus, production risk

1s reduced.

Giver: the schezdule shown in Figure 6.3-1, the program
manager also could delay initiating competitive awards until the
fifth production year. In such a case, a TCP approach may be
viable; however, the lost savings due to delaying competition

must be assessed.

w s T o~




The program manager should note that the example
analysis presented in Figure 6.3-1 is highly simplified.
Consideratiorn of the lot three buy and long lead release should
also be included in the analysis. Furthermore, the effect on the
development effort of selecting the secound source during FSD must

be assessed.

6.4 DEGREE OF SUBCONTRACTING

The economic analysis presented in Chapter Four is
basad upon changing contractor price behavior in a competitive
environment. Prior studies present empirical evidence to support

the framework; however, the studies do nnt address how the price

'changes arc achieved. If a large portion of the weapon system is

subcontracted, the prime contractor may not be able to control a
large portion of the weapon system cost. Thus, the potential
price reductions associated with competition may be less than

expected.

The program manager should review the degree of
subcontracting when assessing the potential for producticn
competiticn. This review should be based upon the developer’s
make-or-buy plan, as submitted during FSD. The results of this

review may be used to adjust the econcmic analysis or to identify

key subsystems for competition,




-

The review a2l1so is necessary to support analyses of the
suppliar base. The review will provide the program manager witn
preliminary planning insights in the area cf second source

supplier qualification.

The program manager should note that a high degree of
subcontracting is not sufficient justification to forego
competition. In a competitive environment, it i1s likely that the
prime contractors will apply more pressure on their suppliers to
control costs than they would in a single source environment. It
is equally likely that the suppliers will respond, because, if

the prime loses the competitior, the suppliers lose also.

6.5 LOWER TIiERS

Production competition at the prime contractor level
requires an adequate supplier base. The existence of only one
supplier of a critical subsystem may reduce the benefits of
competition at the prime level. This supplier presents not only
a potential bottleneck but also a virtual monopoly. The two
prime contractors may be forced to vie against each other in
terms of delivery and price. The program manager can avoid the
potential adverse effects of a single supsystem supplizr by
conducting a detailed subtier analysis. The results of this

analysis could then be used to develop alternative suppliers.

As an initial step in subtier analysis, the proprietary
data claims of existing subcontractors should be examined by

6-11
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either the government or the prime contractor to identify
proprietary designs and the costs to procure rights to such data.
The program manager must ensure that the claimed information is
indeed proprietary and then assess the criticality of the
proprietary claim. This process was employed recently on the
AMRAAM project when the two competing validation phase prime
contractors were asked to identify and cost proprietary data as

part of their FSD prouposals.

Concurrently, the program manrager should direct an
industrial base analysis to identify potential alternative

suppliers. This survey may involve producibility analyses or

Commerce Business Daily solicitations of interest. Such analyses
identify critical subtier limitations. The results of this
analysis may indicate that a new productior source for a critical
component must be established. 1Ir such a case, the program
manager may request the prime contractor or the second source to
develop another supplier. Alternatively, the program office

itself «¢ould establish the second subtier supvlier.

The prcgram manager must recognize that competitive
production provides the prime contractors with an incentive to
develop reliable sources of supply to minimize their own risk of
supply interruption. This develcopment effort may occur either as

expansion of in-house capabilities or as development of other

subtier contractors.
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The establishment of alternative suppliers is a
diff{icult task. Technology transfer must be accomplished and new
suppliers must be Jgualified. The lead time associated with
supplier gqualificaticn must be assessed in relation to the

program schedule.

1f the gualification lead times are excessive, the

program manager may piefer a technology transfer technigue, such
as leader-follower, that allows the system developer to procure Jj_f
o]
all subsystems initially. Secondary suppliers could be qualified fPA;
iater, without reguiring a delay in the production program. _‘A; R
P
6.6 CONTRRCTING AND LEGAL ISSUES L
M g
..T;_;J
Any production program must be implemented T
contractually within the complex legal and regulatory framework cnT
established by the government. The program manager developing ;;f:;-;
competitive proeduction sources must rescolve particularly —_—
perplexing issues involving source selection criteria, production 5%
3
award split methodologies, performance incentives, warranty @
provisions, and proprietary data. Accessible legal counsel and ) _',J
experienced contracting profescionals are critical t¢ successful i;ﬁ?ﬁf;i
resolution of these issues. . i

Arncordingly, in assessing the potential for production

competition, the program manager should determine whether

sufficient legal and c¢ontracting personnrel will be available

during the program's implementation. It adeguate legqgal and
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contricting suppcrt cannot be secured, production conpetition may

not he viable.

6.7 PROGRAM MANAGEMERNT COMPLEXITY

The developmenc and implementatinn of a competitive

production program is an activity requiring a special team

dedicated to rmanajging the competition. Obtaining such a team is

difficult when faced with DoD personnel constraints.
Furthermore, increuases in program office staff may lead to

coordination difficulties.

The required level of personnel is determined in part
by the method orf technology transfer. 7Tne Tpr and Fz
approaches require the greatest amount of program office
invelvement in the technclogy transfer process. Using an F3
arprocach, the program office musct develop and release an RFP,
monitor the second source's development effort, and qualify the
second source and associated suppliers. For a TDP approach,
program office involvement would also include verification and

guarantee of the technical data package.

The teaming approach also involves complex management
issues. The program office need not be involved with selection
of the second source; however, it must ::ualify both sources
simultaneously. Furthermore, the program office must closely

monitor technology transfer and the exchange of manufacturing

data.
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The leader-follower and licensing approaches avoid many
of these complexities. These approaches enable the program
manager to delegate certain efforts to the system developer. .9
These efforts may include selection of the second source,
technology transfer, and seccnd source qualification. Thus, the

initial strain on program office personnel is reduced. t'
6.8 SUMMARY OF PROGRAM ANALYSIS

Production competition is a complex undertaking that
influsnces every aspect of the program. Thus, in assessing the
potential for production competition, the program manager must 4‘~f;
consider the relationship between competition and other program
areas. Specifically, the program manages should undertake the
following:

® Incorporate the additional up-front costs

associated with competitive production into the
rogram budget and assess the availability of

funds. e o,

L Assess the schedule and technical risks of
introducing a second production source.

® Develop an integrated schedule that reflects
production lead times.

o Consider subcontracting plans when predicting
potential cost reductions associated with
competition.

® Determine the ability of the lower tiers to

support prime contractor competition.
[ Assess the availability of expert legal and
contracting personnel.
® Analyze the relationship between alternative @

technology transfer technigques and management
complexity.
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7. EVALUATION SUMMARY

Evaluation of production competition requires analyses

in three areas:

) Economic
® Technical
L Program

This chapter summarizes the analyses presented in Chapters Four,
Five, and Six. The purpose of this chapter is tc provide the
program manager with a checklist for easy reference during

evaluation of production competition.
7.1 ECONOMIC ANALYSIS

When considering production competition as a tmol to
reduce program costs, the procram manager mnust view the problem
as an investment decision. The key considerations are reduced
unit procurement costs versus additional up-front costs and *-415»,7
increased government administrative costs. In addition,

potential effects on maintenance and logistics costs must be

considered. This trade off is unique for each program, regquiring %"JL-

a program-specific analysis. The analysis presented in Chapter j; o

Four involves several steps which can be summarized as follows: S
_—

(1) Estimate single source recurring production costs
by fiscal year in constant dollars based upon
progress curves and expressed as contractor price.

(2} Estimate cecmpatitive recurring production costs by
fiscal year in constant dellars based upon
progress curves. Reasonable assumptions must be R
made concerning shift and rotation and the second R
source progress curve. T
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{3) Calculate potential savings by subtracting (2)
from (1) by fiscal year.

(4) Calculate net potential savings by subtracting
annual incremental government cost, stated in
constant dollars, from (3).

(5) Estimate nonrecurring start-up costs, stated in
constant dolla: by fiscal year.
(6) Estimate incremental logistic support costs,

stated in constant dollars, by fiscal year.

(7) Calculate a net present value of competitive
versus sole source production costs by subtracting
the discounted costs {(5) and (6) from the
discounted benefits (3}).

({8) Compare discounted, constant, aand then-year dollar
estimates of single source and competitive
production,

(9) Conduct detailed sensitivity analyses to
investigate the effect of changes in key
assumptions on the estimate of savings, and to
develop a range of likely estimates.

7.2 TECHNICAL ANALYSIS

In assessing production competition, a program manager
must take into account the level and type of technology inherent
in the system's design and manufacturing process. The system's
technological characteristics influence the method of technology
transfer, the economic analysis, source selection planning, and
the program schedule. The technical analysis presented in
Chapter Five requires that the prcgram manager undertake the
following:

° Assess the relative attractiveness of the
technology transfer techniques in relation to the
level and type of technoloyy involved.

® Incorporate the technology aspects of the program

into the source availability analysis.

7-2
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® Investigate the potential for design or
manufacturing innovation,

a ® Incorporate the potential for follon-cn
’ development effor's intc the production
competition strategqy.

1) Ensvre that proprietary data embedded in the
I system design has been identified and priced.
7.3 PROGRAM ANALYSIS
fd
» In addition to economic and technical issues, the
program manager should conduct analysis of key program issues.
in performing the analysis of program issues presented in Chapter
. Six, the program manager should undertake the following:
° Incorporate-the aaditioral up-front costs
associated with competitive production into the
program budget and assess the avas lability of
i funds. s 1
- . <4
) Assess the schedule and technical risks of
introducing a second production source. ]
1
, ] Develop an integrated schedule that reflects .
i production lead times. ”éﬁ“
° Censider subcontracting plans when predicting N f]
potential cost reductions associated with = o
competition. -
; ° Determine the ability of the lower tiers to P -
== support prime contractor competition. . AR
® Assess the availability of expert legal and _ X
contracting personnel. : -
Y ° Analyze the relationship between alternative &
technology transfer techniques and management B
complexity. -
2 : 11
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8. PRODUCTION COMPETITION PLANS

Many of the problems encountered on prior production
competition programs surfaced during their implementation ghase.
Fortunately, .he program marager can avoid most of the problems

of prior efforts through ca.eful, early planning.

Often, the planning associated with gpr~duction
competition is documented in a number of plans, strategy papers,
and budget bocks. This dispersion of documentation greatly
complicates the implementation and executicn of a competitive
production program. Therefeore, the program manager should

develop a single, integrated production competition plan that

addresses all critical issues, which include the following:
) Technclogy transfer
) Selection of the second source
- Contractual arrangements
o Second source qualification
® Schedule
® Configuration management
e Funding

The purpose of this chapter is to present a general
introduction to these arzas. Specific implementation actions
associated with particular technology transfer approaches are

presented in Chapters Nine through Thirteen.




8.1 TECHNOLOGY TRANSFER

The production competition plan must address two

critical areas related to the technology transfer:

2 The availability ¢of adeguate technical data
) The level of support required from the system
developer

The availability of adequate technical data to the
program of fice and the second source is an integral component of
a successful production competition program. The level of data
required depends upon the method of technolegy transfer. For
example, a TDP approach requires a detailed data package that

includes all critical design and process information. A

continuing engineering suppost. The production competition plan
shculd delineate all reguired design and producticn data, as well
as test requirements, special test equipwment drawings, quality .

assurance requirements, and approved engineering change orders.

To enhance technology transfer and to reduce tle risk

(® o

of inadegquate documentation, the program manager may request the
system developer to warrant the technical data package. If such
an approach is envisioned, the program manager should reflect
this in the produ tion competition plan and obtain contractor
agreement to the . .rranty provision prior to FSD. iA;;,EM
-9 :ﬁ
The system developer may resist providing complete ‘

documentation on the grounds of proprietary data. The program
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manager can obtain rights to proprietary data by requesting the
competing developers to identify and price all proprietary data
embodied in their designg as part of their FSD proposals. The
availability of data and the cost of data c¢ould be employed as
explicit source selection criteria. This apprcach enables the
program manager to obhtainr rights to proprietary data early in the
program, in a2 competitive environment. The specific actions
related to this approach should be discussed in the production

competition plan.

The required leva2l of support c<rom the system developer
also should be described in the production competition plan. The

developer's suppert cculd involve several activities, depending
and the desired
level of commonality between the two producers' equipment. These
activities incliude the following:

® Technical data package preparation

® Provision of key subsystems, or the entire system;
to the second source

e Direct technical assistance and consultation
e In-plant assistance

o Licensing of proprietary data

® Development of subtier suppliers

Prior to FED, the program manager must make an
independent assessment of the desired level of developer support,
considering the technology transfer method. The desired level cof
support then should be included in the FSD solicitation as an
option and defined in the production cempetition plan.

8-3
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Ensuring adequate support from the system devaloper may

require special incentives, For example, award fees have been
employed successfully on prior production competition programs.
In addition, innovative incentives have been developed that base
the developer's progress payments on the progress of the second
source. The incentives adopted by the program should be clearly

delineated in the production competition plan.

8.2 SELECTION OF A SECOND SOURCE

The production competition plan must describe the
process for selecting the second source. The second source can
be selected either by the government or by the system developer.
In the f£irst cace. the government would solicit and select the
second source, leading to the award of a prime contract to the
second producer. Another method is to aliow the system developer
tc solicit and select the second source subject to program office
approval. In this latter case, the system developer would
prepare and execute a source selection plan covering planning,
kFF preparation, solicitation, proposal evaluation, and awarqd.
The second scurce would be a subcontractor to the developer

during the technology transfer period.

Both methods have been employed successfully on prior
competitive production programs. Whichever method is selected,
the program manager must ensure that the production competition

plan reflects the following:



° Second scurce qualification criteria, including
engineering, manufacturing, cost, and capacity
requirements

® A source selection plan that is in accordance with
the program schedule

® Degree of program office control over source

selection and final approval of the selected
second source

8.3 CONTRACTUAL ARRANGEMENTS

Two of the technology transfer techniques involve
separate contracts vwith the two producers. The TDP and F3
approaches are contractually implemented in this manner. Fox

these techniques the production competition plan should describe

the type of contracts, the incentives to be used, and anticipated

contract funding levels.

For other technology transfer techniques, the
prcduction competition pian must address the contractual
arrangements in more detail. For examnle, when using a
leader~-follower or a licensing technology transfer technique, the
gcvernment can establish the second source using either of the
fcllowing contractual approaches: -'ftﬁrf

) A clause could be included in the developer's FSD o
contract specifying that a certain portion of the e
developer's initial production be subcontracted to
a second source. The developer would be
respensible for technolegy transferxr, production
qualification, and acceptance tests of the second
source's initial production units.

® The second source could be a prime ceontractor to
the government and technology transfer could be
accomplished through a separate engineering
services contract with the system developer.
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Similarly, contractor teaming can be implemented using either a

subcontract cr joint venture approach.

The alternative contractual approaches have asscciated
advantages and disadvantages. For example, estaklishing the
second source as a subcontractor reduces the administrative
burden on the program office; however; it also reduces program
office control over the technology transter process. Each
approach also affects other implementation planning areas in
different ways, depending upcn the specific technology transfer
technique. For example, establishing the follower as a
subcontractor to a leader company may restlt in the leader
company performing follcwer gualification. On the other hand,
he use of o su ement £
not affect the requirement for goverament qualification of both

producers.

Given a stated technology transfer technigque, the
production competition plan should present the advantages and
disadvantagzs of alternative contractual approaches in relation
to program characteristics. In assessing the relative advantages
and disadvantages of the two appreoaches, the program manager

shculd consider the following:

) Program office personnel requirements
. Program coffice access to the second suvurce
) Program office control over the technology

transfer process




° Contractor cooperation and motivation in
developing a2 second source

8.4 SECOND SQURCE QUALIFICATION

Production qualification of the second scurce can be
achieved either by the government or the system develcper,
dependirg upon the technolcgy transfer method and the contractual
relationship between the producers. Both of these methods have
been employed successfully on prior programs. In developing a
production competition plan, the program manager should ensure
that the plan addfesses the following:

s Schedule

' Qualification responsibilities

° Quality assurance f;ff

® Tcoling

® Test equipment

° Suppliers _p;Q,
In Chapters Nine through Thirteen, these areas are discussed in

specific reference to the various technology transfer methods.
8.5  SCHEDGLE IR

The production competition plan should present an e -
integrated milestone schedule for seccnd source selection and
qualification. This schecdule should reflect ongoing program

activities in other areas, as well as critical production

competition milestones. The schedule should work back from the DR




\

desired second source qualification date and initial competitive

award date.

Potential milestones include the following:

Initial management meetings

Design brierings and engineering exchange
Data item delivery

Subassembly delivery and inspection

End item disassembly, inspection, and reassembly
by the second source

Subassembly fabrication and test

End item fabrication

Production qualification

Release of RFP for initial competitive production
Competitive proposal submission

Source selection and award

Long iead release

The exact activities related to each of these

milestones would be defined by program characteristics. The key

15 to identify relevant milestones and tie those milestones to

the developer's contract. The program manager then has a useful

tocl to monitor progress and to motivate the developer.

Furthermore, an integrated schedule will provide the program

manager with insights relevant to production planning, long lead

release dates, and competitive solicitation.

8.6 CONFIGURATION MANAGEMENT

In developing a production competition plan, the

prcqram manager must address ccnfiguration management issues.
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The system developer typically maintains configuration control up
to Critical Design Review (CDR); however, the program office may
assume config. '‘ation control earlier to avoid design changes that
adversely affect competition. The competition plan should
present a configuration control milestone. In addition, the plan
shculd deiine the strucrure of the Configuration Contrsl Board.
To enhance competition, both contractors should be represented on
the board. Similarly, the processing and control procedures
applicable to Class I and Class II Engineering Change Proposals

(ECPs) should be discussed.
8.7 FUNDING

The production competition plarn must identify all
required funding necessary to implement the production
competition program. The funding requirements should be
delineated by appropriation category. For example, research and
development funds may be required for technical data rights,
second scurce development efforts, qualification testing, and

engineering services associated with technology transfer.

Similarly, production funds may be required for

additicnal tooling, as well as for production end items. The
proddction or procurement accounts should clearly present annual

proc. rement quantities and projected funding requirements by line

item. Thiz will enhznce the program manager's ability to ascess
the effect of poetential Ltudget reductions on the competitive

produ:tion preograw.
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8.8 CONTENTS OF A PRODUCTION COMPETITION PLAN

| Deliberate and thorough planning is essential to the
success of a production competition program. The specific
contents of a vlan are determined by program circumstances;
however, there are several general areas that should be included
in all production competition plans. Figure §.8-1 presents a
sample outline of a production competition plan to assist the

program manager in develcping a plan for a particular program.




1. OVERVIEW
1.1 System Description
1.2 Technology Transfer Approach
1.3 Structure of the Plan

2. MANAGEMENT ORGANIZATINON
2.1 System Developer

2.2 Second Source

2.3

. Program Cffice
3. TECHNOLOGY TRANSFER
3.1 Data to be Transferred
3.2 Proprietary Rights
3.3 Required Technical and Management Support
3.4 Engineering Assistance
3.5 Fanufacturing
3.6 Subcontracters and Suppliers
4. SELECTION OF THE SECOND SOURCE 'f:i?‘“
4.) Responsibilities = o
4.2 Selection Criteria AR

B O v ey o ey mvmw

1 .
5.2 Contractual Arrangements Between the ™ ]
Guvernment and the Producers

6. PRODUCTION QUALIFICATION
6.1 Philosophy
6.2 Existing Design

g

6.3 Potential) Improvements "
7. MASTER SCHEDULE AT
7.1 Scurce Selection T
7.2 Lead Times AR,
7.3 Qualification yf.‘:%
7.4 Schedule Milestones )
..___.l..,..._71
8. CONFIGURATION MANAGEMENT i
8.1 Responsibilities oo
8.2 Configuration Control Board o
8.3 Configuration Control Frocednres ) %
T
9. RBUDGET T
9.1 Dsvelopment R
9.2 Production :_(Qf;]
—e
Figure 8.8-1 Production Competition Plan ‘
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9. FORM, FiT, AND FUNCTION

Form, Fit, and Function (F3) is a t2chnique for
establishing competitive production scurces in situations where
internal design commonality is not required. As discussed in
Chapter Two, the F3 technique involves solicitation of
alternative suppliers based upon perform. nce and external
interface specifications. Internal design and manufacturing
flexibility are allowed and encouraged.

The F3 technique has been emplcyed successfully for
relatively simple components such as che GAU-8 30-millimeter
ammunition. The technique also i.as been used for complex items
such as the Alternate Fighter Engine. Thus, the F3 approach
may be applicable at two ends of a broad spectrum. For sinple
components where logistic suppoxt is minimal, the F3
technique is appropriate. At the other end of the spectrum, an
F3 &pproach may be appropriate for complex items 1if the cost
reductions due te production competition far outweigh potential

. . . L 3
increases in logistics costs. These characteristics of an F

techrnigque present unique implementaticn issues in the foll~' 4

areas:
) Second source selection
° Original eource support
™ Technology transfer
. Second scurce qualification
® Logistic support
9-1
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9.1 SECOND SOURCE SELECTIORN

The use of an F3 technique at the system level
requires that the program office incorporate the performance
requirements of the equipment into a Request for Prouposal which
is released to potential second sources. Proposal evaluation and
source selectcion are performed by the program office.
The program manager must recognize that the F3
technique may require that development work be performed by the
second source. For complex items, the ability of the second
source to conduct design engineering and tc develop the equipment
efficiently is crucial to a successful F3 program. Thus,

source selection criteria should empiiasize design as well a

wn

production capabilities.

For ccmplex items. the program manager should consider
the concurrent development of the system by both producers. This
approach may require additional development funding up-front;
however, it presents the benefit of having two design teams
competing head-to-head, knowing that they also will be competing
for production. Such an approach should improve the
producibility of the design. In addition, this approach reduces

program development risk. The program manager should note that




the use of this approach requires that the prcgram acquisition

strateqgy be well defined prior to full-scale development (FSD).

In additicon to design capability, the second source
must pessess demonstrated capabilities in transitioning a system
from development irto production. In the end, an F3 approach
is successful only if the second scurce can smoothly transition

into production as a true competitor.

Zince ro technology transfer takes place under an
F3 technique; and there is no technhical data package, the
program manager must ensure that the equipment specification is
clearly and completely defined prior to solicitation of the

sscend source-  The eguipment specitication must be detaiied to a

level that is sufficient to allow potential second producers to

prepare realistic prcposals. The specification should include
the foilowing: .l
-. 2
. External dimension of the equipment
° In+erface requirements
® Power :eoquirements
® Equipment p-vrfcrmance requircments
9.2 ORIGINAL SOURCE SUPPORT IR
—a
The F3 technique, by its nature, does not require L -
the support of the original developer. Ir fact, the F3 :"é. g

technique ha:. been used in prior programs to imgrove the preogram

manager's leverage when dealing with an uncooperative contractor.
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For example, this technique initially was suggested for thse
cruise missile engine when the system developer refused to

cooperate in a competitive production program.
9.3 TECHNOLOGY TRANSFER

Under an F3 technique, technology transfer is
achieved through publication of the equipment specifications.
The second source is constrained only by the external interface
and performance requirements of the equipment. The internal
configuration of the equipment is left to the second source. The
program manager must recognize that this requires that the
equipment specification be clearly defined. Inadequate product
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second source.

The quality of the equipment specification is related
to the program's phase in the acquisition process. If the F3
technique is used to develop a second source after the initial
source has entered production, then the specificaticn will be
well defined. On the other hand, if the F3 technique is
used during the early design phase of a program, the equipment
specification may be evolving. 1In such a situation, the program
manager may use preliminary interface and performance
specifications to solicit a second scurce. This approach may
necessitate negotiation of detailed specifications at a later

date.
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9.4 SECOND SOURCE QUALIFICATION

The design flexibility afforded the second source
provides considerable opportunity tc reduce production costs;
however, it may complicate second source qualification. Because
the internal configurations differ, the second source probably
cannot be qualified on the same test equipment as that used for
the first source. Consequently, the program manager should
anticipate additional special test equipment costs when employing
an F3 technique. Additionally, the program manager shorld
plan for increased program office effort in conducting in-plant
reviews, production readiness reviews, test of the second

source's initial items, and audits.
9.5 I.OGISTIC SUPPORT

In implementing the F3 technique, the program

manager should anticipate additionel logistic support f#?},
complications, due to the internal equipment contfiguration
differences afforded the contractors. These complications should )
be considered early in the program so that pctential traue offs '”!f
can be investigated. f,.l
. 3 . . e
For example, if the F” techniqgue is employed to ;
develcp competitive suppliers of an on-board subsystem, ;-Q{?‘”
configuration differences may require two different sets ox ::1155
~-®_

intermadiate level test equipment. 1In such a situation, the

program manager should investigate the potential cost effects of

9-5
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this requiremeni when developing the system maintenance concept.
After evaluztion, the proyram manager may conciude that an
organic intermediate level maintenance capability is not cost
efficient. The equipment could be returned to the manufacturer
for repair either under warranty or under a fixed-price repair
contract. In such a case, these provisions could be used as
source selection criteria when determining the production award

split,.

In addition to test eguipment, the program manager must
consider all logistics elements when implementing an F3
program. The different configurations may require unigue
documentaticn, special training, peculiar support equipment,
distinct provisioning requirements, and ditferent maintenance
facilities. These potential impacts should be cecnsidered when

developing the F3 implementation plan and the system

maintenance concept.

A recent exanrple of a ccmplex F3 program is the
Alternate Fighter Engine. This program successfully employed the
F3 technique and developed a mairntenance concept that utilized
existing facilities and reflected the F3 buy. Specific &areas

include the following:

° Warranties cf the two engines were included in the
acguisition and obtained competitively.

L] Training and technical orders also werz included
in the acquisition and thus were subject to the
ccmpetition.

o Intermediat2 level support equipment was developed
to be adaptable tc both engines,

9-6
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) Existing depot facilities that currently service
similar engines will be emploved for the new
engines.

5.6 F3 IMPLEMENTATION

The F3 technique differs from other technology

transfer technigues in that internal corfiguration differences
between the two producers' equipment are allowed and encouraged.
In imnlerenting th F3 technique the program manager should ';*
undertake the following: L
® Ensure the equipnent specification is clearly and
completely def 'ned prior to solicitation of the N -
second source. - &
Pu_’t .
e ticipate the neeld for additional special test R

equipment and program office effort in conducting
production qualification.

e Conzider the poitential stic
increases due to fielding two configur
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10. TECHNICAL DATA PACKAGE

The technical data package (TDP) technigue of
establishing competitive procduction sources ordinarily is used
for items of low to moderate complexity, such as the AN/APM-123
transponder test set. Alse, in a few cases, a TDP technigue has
been used successfully to develop second sources for complex

items, such as the AIM-7F tactical missile.

Technology transtfer is achieved strictly on the basis
of the TDP with no direct contractor-tu-centractor exchange.
Therefore, the key criterion in determining the use of the TDP
technique is that the system technology be such that it can be
adequately presented as drawings, specifications, parts lists,
and processes.l These characteristics present special

implewentaticn concerns in the following areas:

© Second source selection

@ Original source support

e Contents of the TDP

® TDP validation and transfer
- Se~cnd snurce jualifiication

1For a more detailed discussion of the application
of the Techrnical Lata Package technique, see: "Review of the
ARIM--7F SPAKRRCW Second source Frocurement. Program," The BDM
Corporation, Decembor 1980.
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10.1 SECOND SOURCE SELECTION

In a typical TDP program, the second source is selected
and qualified by the government based on competitive bids. Thus,
the program office must prepare and release a Reguest for
Proposal (RFP}, evaluate the proposals, anrnd select a second
source. Prior to releasing the RFP, the program office must have
a validated TDP that can be used by potential second sources to

develop proposals.

The program manager can attain a validated TDP by
freezing the system configuration following initial preoduction,
by which time configuration changes resulting from producibility
problems will have been accomplished. Once initial producibility
changes have been documented and the design frozen, potential
second sources can be solicited. The program manager should ncte
that these activities preclude introducing the second source

until the second year of production, at the earliest.

Reliance strictly on the TDP for technology transfer
also dictates that the second source possess designh engineering
and manufacturing capabilities. The seccnd source may be
reguired to undertake reverse engineering of selected subsystems
or components. Thus, the program manager should stress design

capability in the source selection criteria.

The TDP approach allows full program office control
over the second source selection process. The goverament

10-2




determines the source selecticn criteria, tb~ contractors to be

solicited, and the winning contractor. By ensuring full contrel,
this method decreases the risk of selecting a noncapable second

scurce.,

A direct government-tcoc-contractor relationsuip is
established, thus enhancing technical exchange between the
program office and the second source. Furthermore, the program
office can directly monitor the progress of the second source in

technology transfer and production qualification.

10.2 ORIGINAL SOQOURCE SUPPORT

In a TCP program, the program manager should
concentrate on obtaining support from the original source in
developing an adequate TDP in a timely manner. The program
imanager could enhance this support by procuring unlimited data
rights early in the design phase of the program., In addition,
the program manager may request the developer to warrant the TDP.
If a warranty is desired, it shouvld be specified in the RFP for
the full-scale development (FSD) contract, to allow the program
manager to obtain the warranty in a competitive environment. To
enhance further the development cof an adequate TDP, the program

manager could employ additional incentives, such as award fees.

10-3
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10.2 CONTENTS OF THE TDP

In order tu develop a second source in a timely manner,

the program manager must ensure that the TDP presents a detailed 'fﬁ?i%
description of the item being procured.2 The key contents cf ﬁ;%;w;j
such a description would include the following: uf
) Product specifications ;1
) Engineering drawings and associated lists -..é wi
e Quality assurance provisions ; :#
Additionally, for complex items, the program manager should -%
attempt to incorporate into the TDP the manufacturing process ,__8__4
information associated with key subsystems. Finally, the TDP o :
should including the following: : }
®© Packaging data sheets e el
o
L) Acceptance inspection equipment drawings B
® Concurrent repair parts lists
® Special production tool drawings - ‘V R
These items must be incorporated in the TDP in accordance with ) »fh~j
all relevant DoD standards. {} :
The product specification is the document which clearly .
describes the essential technical requirements for the product .'}
being procured, including the procedures by which the e 5
determination is made that the requirements have been met. 1In L wi:
2For a more detailed discussion of the contents and S
validation of a TDP, see: "Technical Data Package Develcopment . -

and Management ," Army Management Course, United States Army
Management Engineering Training Activity, October 1982.

10-4
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addition, the specificution also may include requirements related
t.o packaging, handling, and marking. The product specification
is the primary deocument on which tnhe program manager relies for
configuration control. Taus, in a competitive producticn ,:ﬁfx
progran, the equipment specification must be clearly and ‘

accurateliy incorporated into the TDP.

'The program manager should note that the development of
product specifications is an evolutionary process that begins in
the eatly design phases of a procram. As the design is
developed, the specification becomes increasingly more detailed. :5'
During FSD, detailed design specifications and drawings are
prepared to form the product specification. The production

specification serves as the basis for the nroduct baseline and is

. BB

crucial to defining the item. Thus, the product specification is

a key component of the TDP. L

Another key component of the TDP is the engineering
drawings and associated lists that define in detail the

.- composition of the equipiment. An engineering Jdrewing discloses
by means of pictorial or textual piesentation, the physical and
functicnal end product requirements of an item. An associated
list is a tabulation of enginsering data pertaining to an item
depicted on an engineering drawing or on & gev of drawings.
fl Several types of engineering drawings combinred inco sets with
?: attendant associated lists may be required to defire ena product
a requirements of an item. Ahg a mirnimum, a combination ¢¥ detail

e and assemkly drawings may suffi.e to define the requirements of z

10-5




simple item. As the compiexity of the item increases,
specialized engineering drawings may be required to provide a
full engineering description. As a rule, combinations of detail,
assembly, control, installation, and diagrammatic drawings will
provide the necessary engineer.ng description. In certain cases,
special purpose drawings may be required for management control,
logistic purposes, configuration management, and manufacturing

aids.

Quality assurance data are also a key component of the
TDP. Incorporation of quality assurance provisions in the TDP
will enhance the competitive production of end items that meet
cperational requirements. The TDP should present a detailed plan
of all actionrs necessary to ensure that the end item meets all
stated requirements. The program manager must ensure tha% the
plan contains all technical information related to preduct
quality. This may include the following:
® Contract quality requirements in regard to
contractor responsikility, standard inspection
requirement, inspection system regquirement, and

guality program requirement

® Idencification of examinations and tests to be
performed by the contractor

® Method cof performance of required examinations and
test
) Inspection equipment authorized or required
L] Statistical techniques authorized
® Quaiification approval requirements
° hcceptable quality levels
L Classifications of defects
10-6
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process information from the system developer. If szuch

information can ke obtained, the following should be included in

the TDP:
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® First article tests

© Calibraticn requirements

® Records of examirations and tests

) Standards of workmanship

® Quality requirements to be passed on to vendors or
suppliers

® Examinations or tests reserved for performance by

the government

o Nondestructive test procedures

e Personnel skill gualifications and certification

) Methods for analyzing inspection results

e Environmental tests e
' -N

e Life tests

® Reliability production acceptance tests

In addition, the prcject manager may be ezble to obtain N

r
PR

° Logic diagrans

] Interface control drawings

. Development specitications for prime and critical
items

° Product fabrication specifications for critical
itens

o Process and material specifications

e Purchase descriptions

) Data processing system requirements

® Installation drawings

] Unique manufacturing data

10-7
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Equal in importance to the conteunt of the TDP is the
format in which required Jdata are presented. The program manager
should ensure that all data presentations conform to applicable
DoD standards. Contractors and governmer t personnel understand
these standards and expect data to be presented in accordance
with them. Insisting on conformance to standards in preparing
the TDP will enhance validation of the TDP and sulsequent
production from the TDP. Some of the more critical standards
include the following:

o MIL-STD—-961, 22 September 1975, Outline 0of Forms

and Instructions for the Preparation of
Specifications and Associated Documents. This
scardard covers specifications for commodities,
processes, and the control of weapons, systems,
and subsystems design.

° MIL-STD-490, 30 October 1968, Specification
Practices. This standard cstablishos the format
and contents of specifications for program
peculiar items, processes, and materials.

) DoD-STD-100C, 22 December 1$78, Engineering
Drawing Practices. This standard prescribes
general reguirements for the preparation ana
revision of engineering drawings and associated
lists prepared by or for the Department and
Agencies of the Department of Defense.

The program manager should note that the documentation
requirement associated with the TDP technique is extensive., If
the seccnd source is being introduced early during production,
the technical documentation may not be complete. In such a case,

a time-pnased delivery of complete design information should be

established by the program manayger.
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10.4 TDP VALIDATION AND TRANSFER

The program office must validate the TDP. The drawings
must be compared to the equipment for consistency, the
specifications must be reviewed, and the process information must
be evaluated. Ir reviewing the TDP, the program manager should

assess whether it is:

[ ) Accurate
° Current
L) Complete
° Clear

An accurate TDP is one which is free of mistakes and
errors. Potential errcrs include incorrect dimensions, incorrect
material specifications, obsolete data, and design deficiencies.
Any of these errors could preclude successful production of the

item by a second source.

A current TDP is one which includes only that
documentation relevant to the existing configuration. 1In a
current TDP, cbsolete data have been removed and updated data
reflecting engineering changes have been incorporated. The use
of obsolete data or the omission of engineering changes could

delay successful qualification of the second source.

A complete TDP is one which includes all relevant data

necessary to produce and deliver eguipment that meets operational




requirements. The completeness of the TDP can be reviewed based

upon the list presented in on page 19.4.

Ak clear TDP is one which conforms to DoD standards
conce-ning drawings, documentation, and models. The TDP should

be concise, but inclusive,

TDP validation activities may require support from
other government agencies. For exeample, the Naval Weapons Center
supported validation of Raytheon's AIM-7F TDP. The program
manager must recognize that by validating the TDP, the program
office is assuming responsibility for its adequacy. Thus, to
avoid potential future claims, the program office must ensure

that the validation ertort is thorough and rigorous.

Once validated, the TDP ca.a be transmitted to the
second source. whc must translate it to the firm's design systems
and manufacturing procecses. Tre program manager should note
that this process may involve significant effort if the two
manufacturers employ different production processes, Following
design translation:. the second source can begin to fabricate test

articles.

In order to ensure efficient technology transfer using
a TDP technique, the program manager should addcess technology
transfer in detail in the production competition plan. The plan
would include the following:

® Technology items to be included in th: TDP

10-10
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e A milestone schedule showing TDP preparaticn,
validation, and delivery to the second source

) Special incentives or warranties used to motivate

the developer to provide an adequate data package
in 2 timely marner

10.5 SECOND SOURCE QUALIFICATION

The government assumes responsibility for qualification
of the secosnd source under a TDP approach. Thus, the program
manager shcould anticipate conducting in-plant reviews, production
readiness reviews, and acceptance tests of the second source's
initial articles. If the two manufacturers' end items are
ccmmon, the second source's end items should be tested on the
same equipment used to test the developer's equipment. This will
require the cstablishment of duplicative test equipment at the
second source's facility. Because the TDF approach presents the
potentiai for producibility changes by the second scurce, the
program manager also should anticipate requirements for special

test equipment at the second source's plant.

In addition, the second source should be required to
demonstrate capability to produce at rate prior to competitive
bidding. To accomplish this, the program manager may direct a
large "learning buy" to the second source following production

qualification.
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10.6 TECENICAL DATA PACKAGE IMPLEMENTATION

&
The technical data package technique for establishing
competitive production sources requires a high level of program
office effort. In conducting a TDP program, the program manager f;;'
should undertake the followinjg:
® Select a second source with adequat2 design and
manufacturing experience. _
, @
° Anticipate the requirement for positive and
negative incentives to motivate the Aeveloper to
assemble an adequate data package.
° Qualify the second source, recognizing that -
special test equipment may l2 required. e ]
o Consider tne use of a learning buy to enable the
secord source to demonstrate rate capahiiities
prior to competitive bidcing.
-3
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11. ILEADER-FOLLCWER

The leadev-foilcwer technique achieves technology
transfer through direct technircal assistance frowm the system
develcper or lecder ro the second source. It has been employed
on several prior and onjoing programs. including DRAGON,

SHILLELAGH, AMRAAM, and TOMAHAWK.

Leader-follower is to be used when the design or
manufacture of a system is such that a second producer would be
unable teo produce the system without assistance from the
developer.l The direct contractor-to-contractcr exchange
e¢nharces the technoloyy transfer of more complex weapon systems
while minimizing government involvement in techn.cal data
vaiidation. These characieristics preésent unigue imple

issves in the follcwing areas:

' Contractual arrangements

® Foilower selection

® leader support

o Technology transfer

® Follower production qualification

1Charles W. N. Thompscn and Albert H. Rubenstein,
"The Leader/Follower Concept in Acquisition,” International
Applied Science and Technology Associates, Inc., November 1979.
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11.1 LEADER~FOLLOWER CONTRACTUAL ARRANGEMENTS

The leader-follower technigue can be implemented
contractually in three ways. Accordirg to FAR Subpart 17.4, s
prime contract could be awarded to a:

° Leader company, obligating it to subcontract a
designated portion of the required end items to a
specified follower company and to assist it to
produce the required end items.

) Leader company, for the required assistance to the
follower company, and a prime contract to the
follower for production of the items.

° Follower company, obligating it tc subcontract

with a designated leader f{or the reguisite
assistance.

The third techrniqie requires the follower to award a
ccntract to the leader to obtain the necessary assistaice;
however, the leader is not contractually obligated to accept the
contract Thus, the developer nay refuse the contrac.. thereby
precluding a leader-follower prograw. Given this potential
problem, the third technique has nct been used on any prior DoD
programs. Therefore, the remainder of this chapter will
concentrate on the advantages and disadvantages of the other two

approaches.

The Follower as a Subcontractor to the Leader

As described in the FAR, the leacer-follcwer approach
can be implemented contractually by establishing the follower as

a subcontractor to the leader. This approach can be implemented

11-2
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by requiring the leader to deveiop a leader-follower plan during
FSD. The activity associated with the development of a plan
should be solicited in the FSD Request for Proposal (RFF) and

includes the folliowing:

® Source selection
° Technology transfer
. Follower qualification

The program manager should require the leader-follower plan to be
a contract deliverable during FSD. Follewing program office
approval, the plan could be incorporated as an option in the

developer's initial production contract.

Under this approach, the leader normally selects the
follower and provides technical assistance and data to the
follower. The follower is awarded a subcontract for a limited
number of the developer's initial production units. Thus, the
develconer is responsible contractually for the follower's
deliveries. After follower qualificatinn, the ieader and the
follower would compete as prime contractcers for production

awards.

One of the key advancages of the subcontract approach
is the leader's contractual responsibility for the follower's
initial deliveries. This presents the program manager with an
opportunity to employ inncvative incentives, as discussed in
Section 11.3. 1In addition, the program office is not involved
directly in the gelection process or technclogy transfer process.
This ,lessens the administrative burden on the program office. It

11-3
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is important, however, that the program manager maintains
| complete visibility inteo the activities related to selection of
the second szource and inco the technology transfer process. In
addition, the program manager must monitor the progress of the

second source in achieving production qualification.

The Follower as a Prime Contractor to the Government

Another contractual method to implement a
leadzr-follower program is to award a prime contract to the
follower, In this case, the government would select the folliower
and award the contract tc the follower tc learn the system and
demonstrate production capability. Technolcgy transfer would be
accomplished under a separate government contract witi the

leader.

The leader technclogy transfer effort could be obtained
through a task in the leader's FSD contract. This effort should
be solicited as part of the FSD RFP, tnus allowing the program
manager to place the task on contract during the competitive
selection of an FED contractor. The leader's technoleogy transfer
tasks also could be contracted on a separate engineering services
contract. Such a contract could be zwarded during FSD or initial

production. Under either approach, the program manager should

ensure that the leader's tasks include the £following:

) Transfer of all required design data
° Transfer of all required manufacturing dat:
11-4
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) Provision of key subsystems or the entire system
for follower inspection

) Provision of a duplicate set of test equipment
® Preparation and maintenance of a detailed
milestone schedule

The program manager should note that the prime contract
approach also reguires that the two contractors enter into a
direct agreement concerning techrnology transfer. This agreement
may be a formal associate contract or a memerandum of agreement.
The agreement should clearly define the responsibilities of the

leader and the follower.

The prime contract approach has the advantage of
establishing a direct follower-government relationship
immediately. Thus, the program office can monitor technoclogv
transfer more readily. Furthermore, production buys can be
awarded directly to the follower for qualification and initial

learning.

The prime contract approach alsc places immediate
pressure on program office personnel. JIncreased staffing will be
required to monitor two contractors in addition to technical
support to manage the technology transfer effort. This approach
also may lead toc “he selection of a follower that is unacceptable

to he leader. Forcing cooperation may complicate technology

transfer and slow follower qualification.
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A Contractual Arrangement

Both of the contractual techniques have been used
successfully on prior DoD leader-follower programs. The
subcontract approach was employed on the ACES II p.ogram. The
SHILLELAGH and DRAGON programs used the prime contract approach.

In selecting an approach, the program manager must weigh

additional staffing and complexity against increased visibility.

11.2 FOLLOWER SELECTION

Under a leader-~-follower approach, the follower can be
selected either by the governmeat or by the system developer. 1In
the first case, the government would soliclit and select the
follower, leading tc¢ the award of a prime contract to the
follocwer. Another method is to allow the system developer to
solicit and select the follower, subject to program office
approval. In this case, the leader would develop and ex: :ute a
source selection plan, solicit proposals, evaluate thew, and
award a subcontract that would cover follower activity through

the technology transfer period.

Program Office Selection of the Follower

The program manager ray desire to solicit and select
the follower. Using this approach, the procram cffice must

undertake the following:

11-¢6

i®




SR TR T TTNT T TR TN T, ey i Yy T T, T v s e e n . LR TP - . e . S S

'i“

B)

o
¥

> Obtain sufficient technical data fr..a the leader
to alluw potential followers to bid.

® Prepare and release a follov ‘r RFP.

) Evaluate botential follower proposails.

@ Sclect a follower and negotiate an award.

® Ensure that the technology trans{er between the

leader and follower is understood by both parties.

The key difficulty in these program office tasks is

obtaining data from the leader for inclusion in the follower

solicitation. The program office must obtain unlimited rights to

the data early. If the foliower RFP is released in FSD, the
required data may not be avzilable. In such a case, the RFP
should include sufficient design information to enable potential

hidders to understand the magnitude of the effort.

In evaluating the precposals, the programm o2ffice should
concentrate on those capabilities that are rvequired by the
specific nature of the program. For example, demonstrzted
production experience may be sufficient for a relatively short
production program, sinc=z the leader will he providing direct
assistance. If product improvements are planned for the future,

the follower should possess design capabiiities.

This approach ensures full program office visibility
into the follower selection process, decireasing the risk of

selecting a ncncapable follower. A direct relationship betweern

1i-7
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the government and the fcllower is established, enhancing
technical exchange between the program office and the follower.
Furthermore, the program office can directly monitor the progress
of the follower in technology transfer and production

gualification,

While this method enhances government visibility, it
also requires considerable program office administrative effort.
In addition, there is rno direct link between the system developer
and the follower. The leader may be less than enthusiastic about
trarsferrino technology to another firm that the leader played no
role in selecting. This potential problem can be avcided by
allowing the leader to participate in the selection of the

follower, under the direction of the program office.

l.eader Selechion of the Follower

The system developer can solicit and select the
follower, sukject to program office approval. This approach
generally entails establishment of the follower as a
subrontractor to the leader. Thus, the leader would undertake

the following:

) Prepare a follower solicitation.

L Evaluate the proposals.

] Select a follower.

° Submit the selection for proyram office approval.

Under this approach, the leader performs the majority of the
administrative effort.

11-8
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The program manayer should ensure that the leader's
efforts are defined clearly in a milestone plan that is
contractually hinding. Furthermore, the program manager should
ensure that a capable follower has been selected, by conducting

site surveys and audits.

The key advantage of this apprcach is that it limits
program office administration and liability associated with
technology transfer. Furthermore, leader selection may enhance
technology transfer by enabling the system developer to select a

follower that he can work with.

This approach also presents several disadvantages. The
ieader may select a follower who is incapable of true
competition. The follower may be production qualified: however,
the firm may never demonstrate rate capabilities. Similarly, the
follower's cost structure may be such that the firm could never

win a competitive award against the leader.

Another disadvantage of this aprroach is the lack of a
direct link ketween the government and the followes during
technology transfer. The program manager has no
contractually-based control over the follower, but must rely on

the leader to ensure taimely development of the f llower.

T




Selection of the Follower

Both of the methods tor selecting a follower have been
employed successfully in prior leader-follower programs. Neither
method can be preferred over the other based on historical
experience. The program manager must choose a method to select
the follower based upon specific program circumstances. Whatever
method 1s selacted, the program manager must ensure cthat follower
source selection 1s planned in accordance with the program
schedule. Furthermore, the scurce selection criteria should
stress the capabilities of the follcwer in areas such as
engineering, manufacturing, cost, and capacity. These
capabilities should be demonstrated by the prior experience of

potential tollowers, especilally in similar programs.

11.3 LEADER SUPPORT

The support of the leader is crucial to a successful
leader-follower production program. The required level of
support could involve several activities depending upon equipment
complexity, program schedule, and the desired level of
commonality between the two producers' equipment. Potential

activities include the following:

° Provision of all required technical data
) Provisicn of key subsystems or the entire system to the
follower
° Direct technical assistance and consultation
11-10
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° In-plant assistance

® Development of subtier suppliers

The leader-follower apprcach is emplecyed fcr relatively
complex systems which require considerable assistance to the
follower. For example, the leader may be required to provide key
subsystems cor the entire system t. the follower for diséssembly,
inspection, and reassembly. Similarly. the leader may be
required to nrovide direct technical assistance in the form of

design reviews, subsystem testing, and mock-up reviews.

It may be necessary for the leader to provide in-plant
assistance to the foliower, if the systems or manufacturing
processes are complex. Because cf concern over disclosure of
unique manufacturing processes, developers and followers have
resisted in-plant exchange of personnel on prior production ;i-f:iqé
competition programs. Thus, the program maniager shouvld ensure
the zelecticn of a capable follower with demonstrated producticn *Q,

abilities.

The program manager may require the leader to undertake ;JL
actions reiative to the subtiers, f critical subsystems are
claimed as proprietary. For example, the leader may be requirea
to develop alternative suppliers. This would enhance follower ~‘~——'ﬁ

qualification as well as future competition.

As presented, the leader-fcllower technique requires an -0

extensive amount of support from the leader. To ensure leader

i1-11




support, the program manager may employ positive and negative
incentives.2 Positive incentives may include the use of

award fees to the leader.

Negative incentives are strong motivators that should

be considered by the program manager also. For example, the

progress. A negative incentive that may be used when the .

|

|

| ‘ | .
) leader's progress payments could be tied to demonstrated follower R
|

) follower is a subcontractor is to require the leader to meet the

|

foliower's delivery schedule at no cost to the government.

- . r

4

11.4 TECENOLOGY TRANSFER .

3

The leader-iolloweir technigue involves direct toechnical -«—;MQ«

————

exchange between the contracters. Frior to this exchange, the :
program manager should address technology transfer issues in

detail in the production competition plan. Often, the leader - -

defines technology transfer tasks that are approved by the

program office. The production competition plan should define t if':;

P .

the following areas cof the technology transfer effort:

2For a more detailed discussion, see Rosemary
Elaine Nelson, "Leader/Follower Second Sourcing Strategy as - J‘~»
Implemented by the Joint Cruise Missiles Project Office," Naval )
Postgraduate School, September 1980.

R ST SR SR |

See also larry L. Soderquist, "“Leader/Follower: An ﬁ S
Analysis of a Proposed Technique for Increasing Competition in ) :
Air Force Weapon System Procurements,"” Air Force Institute of R
Technology, September 1979. '
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The technolciy items to be transferred

Leader, follower, and program office
responsibilities

Contractual arrangements
Management authorities

Follower qualification requirementi s

A leader-follower apprcocach may be initiated with

documentation similar to that required for a Critical Design

Review (CDR).

These cdata would be augmented as the desian

matures, The technology transfer plan shonld define a schedule

for the augmentation and delineate all required data, including

the following:

Engineerihg drawings and asscciated lists for the
completre end item

Electrical, hydrauvlic, anrd pneumatic schematics
Loyic diagrams

Off-sheet parts lists

Specification ccntrol drawings (£IDs)

Interface contvol drawings

System specification

Development specification for prime and critical
items

Product fabrication specifications for prime and
critical items

Process and material specifications
Purchase descriptions

Test requirements and special test equipment
drawinys and specifications

Packaginy data sheets
Data processing system requirements

11-13
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* Tapes for numerically controlled machining

operations
e Approved ECPs
° Approved specification change notes (SCNs)
. Installation drawings
® Unique manufacturing data
® Special tooling drawings and specifications
L Quality assurance plans, procedures, and

specifications

Similarly, the responsibilities of the leader in the
areas of training, hardware provision, follcwer test equipment,
and follower qualification should be specified. The follower's
responsibilities in the areas of design reviews, hardware
fabrication, test, and qualification should be defined also. The
formal contractual agreements implementing these responsibilities

.

shoulu be noted.

The production competition pian also should identify a
single individual within each organization responsible for the
technology transfer program. The relationship of this individual
to the rest of the organizaticn should be presented. This will
ensure that a single person, with clear management authority, 1is

responsible for the leader-follower program.
11.5 FOLLOWER PRODUCTION QUALIFICATION

The main gcal of a leader-follower program is to

develop an alternative weapon supplier who can effectively

11-14
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compete for a significant pcrtion of the planned procurement.
Thus, follower qualification invol’ves both production
qualification and demonstration of full rate p-oduction.
Follower qualification tests can be performed by either the
government or by the leader with government approval. Both of
these approaches have been ei-ployed successfully on prior DoD

leader-follower efforts.

If the follower is a subcontractor to the leader, the
leader should conduct all production qualification tests and
submit the results of the test te the program office. If the
follower 1s a prime contract>r, the government should conduct
follower qualificaticn. 1In both cases, the key to successful
qualification is detailed consideraticn cf gualification issues

in the producticon competition plan.

The production competition plan should address all

critical items associated with achieving follower quaiification.

These items inclule the following:

® Schedule

™ Qualification responsibilities
® Configuration control

® Quality assurance

® Tooling

° Test equipment

) Suppliers

11-15
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Many of these items involve extensive support from the lecader, as

discussed in Section 11.3.

The plan must include a schedule that presents all
significant milestones related to specific technology transfer
items, contractor technical exchangecs, follower fabrication and
assembly, test equipment availability, and follower production
gualification. This schedule must be tied to the desired date
for initiation of competitive awards. The program manager should
note that this requires that economic analysis be performed to

identify the preferred date.

Specific responsibilities for follower gqualification
should be defined alsc. The program manager may retain
responsibility for qualiification of the follower, if the follower
is a prime contractor tc the government. 7Tf the follower is a
subcontractor to the lieader, the system developer iay conduct
qualification testing subject to program officz approval. The
plan should specify responsibilities for on-line manufacturing
test verification, cost schedule control system audit, subsystem
testing qualification, end item qualification testing, production
readiness reviews, and configuration audits. Also, the plan may
speciiy responsibilities in the areas of design to cost audits,

should cost reviews, and life cycle cost analyses.




The production competition plan should specify
responsibilities in the area of configuration control. The system
developer typically maintains configuratior control up to CDR;
however, the program office may assume configuration control
earlier to avoid design changes that adversely affect
competition. In addition, the plan should specify the use of
compatible configuration control sysrems by both contractors.
This may require adjusting the follower's configuration control
system to be consistent with the leader's. The use of compatible
gsystems enrhances successful configuration audits and reduces
management complexity when the program office assumes
configuration control.

guality assurance procedures and test equipment

[ %]

requirements are related directly to configuration control and
should be described in Aetail. The follower shculd be qualified
on test equipment identical to that employed by the leader, down
to the lowest level of commonality. Thus, the leader must

provide an identical set of test equipment to the follower.

The quality assurance programs of the two contracters
should be similar. This may reguire the leader to assist the
follower in the areas of process testing, subsystem and component
evaluation, fault isolation, and supplier selection. The
qualification plan should list the system developer's key
suppliers and subcontractors., specifying *hose systems for which
alternative suppliers may be desired. Responsibilities
associated with the development of alternative suppliers should

11-17




be highlighted. Similarly, subsystems for which a single

supplier is desired should be described.

11.6 LEADER-FOLLOWER TMPLEMENTATION

This chapter has aiscussed several ways to implement a
leader-follower program. In undertaking a leader-focllower
program, the program manager should undertake the following tasks:

® Determine the desired contractual arrangement with

the follewer, based on program office visibility
and availability of program office personnel,

e Either select or approve the selection of a
follower that possesses both engineering and -
production capabilities.

PR TP ¢

° Develop a production competition plan that clearly
defines the technology to be transferred, the

Pttt ate e =]

government, and the contractual arrangements. "*“"f1

® Ensure follower qualification by developing an ) :
integrated schedule and specifying test equipment "
and toolinyg reguirements.
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12. LICENSING

g Under a licensing approach to competitive production,
the system developer, in exchange for a royalty fee, grants
permission or license to another firm to produce an end item of

I proprietary interest to the developer.l In addition, the
developer may provide technical assistance to the second source

or licensee in exchange for engineering fees. The licensing

[ )

technique is being employed currently in the cruise missiles

engin<e program.

d The program manager should note that this technique

differs significantly from other competitive production
techniqu2s. The system developer, under the licensing concept,

giants cnly limited data rights to the second source. The ——d

ny

developer maintains proprietary interest in the da“a and retains " .fﬂ
design responsibility. Other techniques involve up-front
H government procurerment of proprietary data. Thus, a lfcensirg - T

approach should be used cnly when the system developer refuses to 1

grant the government unlimited data rights.

Given that unlimited data rights cannot be obtained,

this chapter presents alternative actions to implement a

licensing program. Key implementation issues discussed in this

chapter include the following:

PRGSOV WIS

1
“For a more detailed discussion of licensing, see

Sregory A. Carter, "Directed Licensing: An Evaluation of a —
Proposed Technique for Reducing the Frocurement Cost of C oL
Lkircraft,” The Rand Corporation, December 1974. }fsi
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. Contractual arrangements

e Selection of a licensee

°© Motivating the developer

o Technology transfer

® Licensee qualification
12.1 CONTRACTUAL ARRANGEMENTS

Two contractual methods to implement licensing have
been employed on prior weapon system programs. The first
technique, referred to as directed licensing, involves including
an unpriced licensing option in the system developer's full-scale
development (FSD) contract. The second technigue involves

contractor selection and qualification of the licensee.

Licensing Clause

One contractual method tco implement a licensing program
is to include a licensing provisicn in the system developer's FSD
contract as an unpriced option. The clause would state that the
system developer agrees to license another prod-.:er and provide
technical assistance to that producer to ensure production
qualification. The second producer could be selected by either
the government or the system developer with government approval.
The clause could be exercised by the goveirnment following price

negotiations conducted during FSD.
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Using this approach the licensee would be contractually
related to the system developer <« through the license
agreement. The government would 2ward a prime contract to the
licensee for production and fund the initial engineering services
fees. The licensee would pay royalty fees to the system
developer during production. Either the government or the system

developer would perform qualification of the licensee.

The specific arrangements associated with this approach
are normally delineated in a Memorandum of Agreement (MOA),
signed by the developer, the licensee, and the government., The
program manager should insist on an MOA to ensure that all

parties understand their respective responsibilities.

By employing this method to implement a licensing
program, the program manager can ensure the establishment of a
second source while the program is in the competitive design
phase. Competing design contractors could be presented with the
licensing clause in the FSD Request for Proposal (RFP). The
competing companies woulid be required to prcpose royalty fees, if

ary, while still under the pressures of design competition.

The program manager should note that this method
establishes the licensee as a prime contractcr to the government.
Thue, the licensee views the government as the customer and is
free to approach program office personnel with problems or

innovative suggestions.

12
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A prcblem with this approach is the use of an unpriced
option and the requirement for subsequent negotiations when the
developer is in a sole source position. Perhaps the program
manager could overcome this limitation by requesting priced
opticens in the FSD RFP, but this has been resisted by contractors

in the past.

An Alternative Approach

Recent DoD experience with licensing has led to the
evolution of another contractual method to implement a licensing
program. The approach was developed in an ad hoc manner by
developing contractors who were confronted with production
competition. The contractors, in an attempt to limit the effects

of competition, suggested licensing another source.

The program manager shculd recognize that this is not a
recommended approach; however, it does present a unique
contractual arrangement that may be useful. The approach
involves establishment of the licensee as a subcontractor to the
devoioper. The developer is responsible for selection of the
licensee, technology transfer, and production qualification. The
costs associated with these activities are paid by the
government. The government retains the right to approve the
selected licensee. In addition, the government maintains the
option to acquire end 1items either directly from the licensee ox

through the system develoner.

12-4
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The program manager should recognize that this approach
was suggested on prior programs Py contractors who were faced
with competition. In order to apply a similar approach, the
program manager must secure the agreement of the system

developer. This can be obtained via an option in the developer's

FSD contract.

This approach reduces the administrative burden on the
program office. Furthermore., it enhances the establishment of a
cooperative licensor-licensee arrangement by enabling the
licensor to select the licensee. The approach also provides the
potential for incentive clauses to be included in the developer's

prime contract to motivate developer activities in establishing

the licensee.

This approach also presents several disadvantages. By
establishing the licensee as a subcontractor to the developer,
the licensee may view the developer as the customer.
Consequently, the licensee may be reluctant to discuss technology
transfer problems with the goverament, vthus enabling the system

developer to delay qualification of the licensee.

Ancther poutential problem is the lack of government
control over the selection of the second source. The system
developer may be able to select a second source that would be

incapable of true competition. In one cruise missile engine

12
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competition, the prime's selection of a noncapable second source

was rejected based upon a government facilities inspection.2

Selection of a Method

.

The particular contractual method used to implement a
licensing arrangement must be determined by the program manager
based upon program characteristics. In reaching such a
determination, the program manager should recognize the risks
associated with establishing the licensee as a subcontractor to

the system developer.

12.2 SELECTION OF A LICENSEE

The licensee can be selected by either the government
or the system developer. Each method has associatved advantages
and disadvantages. Whatever method is used, the program manager
must ensure that the source selection process leads to the
selection of a capable licensee. Such a licensee wculd possess
demonstrated engineering and manufacturing capabilities, as weil

as a competitive cost structure.

To ensure the selection of a capable licensee, the
program manager must ensure that adeguate technical data is

provided to potential licensees to enable them to prepare cost

2Geotqe Francis Sparks, "Direct Licensinrg in Major
Weapon System Acquisition," Naval Postgraduate School, September
1980.
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prcposals. In addition, the program manager shculd conduct
cn-site surveys, and request documentation of experience. Under
a licensing approach, the provision of adequate technical data is
a difficult area. By using a licensing method, the program

.I manager is recognizing the proprietary data rights of the system
developer. Thus, thiese data cannot be included in the licensee

RFP. The adverse effects of this problem can be limited by

v—vv-——-Y—A'

including the government technical data package in the licensee

4

RFP. The existence cf proprietary data should he noted in the

RFP, so that qualified bidders are aware of the problem.

‘. Program Office Selection of the Licenses

To sclicit and select a licensee, the program manager

al

must undertake the fcllowing:
° Assemble acdeguate technical documentation.
3 Prepare and release an RFP.
® Conduct on-site reviews and audits.
. Evaluate the proposals and reviews.
° Select a licensee and negotiate an award.

° Negoutiate a license agreemernt that :s acceptable T
to the licensee and licensor.

L

These activities regquire considerable program office

administrative effort; however, they also reduce the risk of 1
selecting a noncapable licensee. Furthermore, program office 1
1

selection of the licensee establishes a direct relationship
-

between the government and the licensee. The direct relationship
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enhances technical exchange and clearly identifies the government
as the licensee's customer. In addition, the direct relationship
improves the program office’s ability to monitor the progress of

the licensee in techrology transfer and production qualification.

Program office selecticn of the licensee has many
advantages; however, it also presents a risk of selecting a
licensee that is unacceptable to the system developer. This may
be due to bitter rivalries in other areas or a desire on the part
of the licensor not to reveal cerrain aspects of the technology
to certain competitors. Forcing a license agreement under such
circumstances would invite slow technology transfer and further

complications.

Developer Selection of the Licensee

The system developer could perform the selection tasks
and select a ..censee, subject to program oifice approval. This
approach limits program office administrative effort and enhances
the selection of a licensee acceptable to the system developer.
Furthermore, program office liability related to licensee

performance is limited.

These advantages must be weighed against the
disadvantages associated with developer selection of the
l:icensee. The approach limits government visibility into the
licensee scurce selection process and may limit communication

between the government and the licensce. In addition,. this
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approach requires that the licensee be a subcontractor to the
developer through production qualification. Subsequent
production would be performed under a prime contract to the
government. To provide incentives to the developer during
technology transfer and production qualification, the program
manager should specify technology transfer and qualification
milestones in the developer's contract and tie progress pavments

to those milestones.

Selecting the Licensee

Botin methods for selecting a licensee have been used on
prior DoD licensing ograms. The key difference between the two
apporoaches is the risk and complexity associated with de eloper
selectiop of the licensee. Clear recognition of these risks may

enable the program manager to structure a rigorous license

" arrangement that avoids the problems of developer selection. The

key point 1in either selection method is that the program manager
must retain final authority over licensee selection. Follcwing

this, direct communication with the licensee must be maintained.

12.3 MOTIVATING THE DEVELOPER

One advantage cf the licensing technigue is that 1t is
tied to the developer's FSD contract. This tie can be exploited
by the program manager to motivate the developer to assist the
licensee in a timely manner. The program manager should consider

positive and negative 1lncentives.

12-9
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Positive incentives, such as award fees, can be
directly tied to the FSD contract. Effective negative incentives
have also been used on prior programs. For example, the
develcper can he required to subcontract a portion of the initial
production buy to the licensee, but still be liable for timely
delivery of the total buy. The program manager must recognize
that use of any incentive requires that the developer's
responsibilities be clearly defined. 1In addition,
responsibilities must be reflected in a specific milestone

schedule.

12.4 TECHENCLOGY TRANSFER

Technology transfer under a licensing approach is

achieved by the license agreement, which should specify the

following:

® Limited rights to the developer's proprietary data
° Data items to be provided to the licensee

° Technical support to be provided to the licensee

® Milestone schedules

The data items to be provided to the licensee should include all
design and process information necessary to manufacture, test,
and deliver the end item. These may include the following:

® Engineering drawings and associated lists for the
complete end item

. Electrical, hydraulic, and pneumatic schematics
° Logic diagrams
© Ofi-sheet parts lists

12~10
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o Specification control drawings (SCDs)

® Interface control drawings

) Development specification for prime and critical
items

) Product fabrication specifications for prime and

critical items

) Process and material specifications
® Purchase descriptions
) Test reqguirements and special test equipment

drawings and specifications

® Packaging data sheets

o Data processing system requirements

® Tapes for numerically controlled machining
operations

® Approved E 7s

® Approved specification change notices {S5Ciis)

° Installation drawings

® Uni jue manufacturing data

° Special tooling drawings and specifications

e Quality assurance plans, procedures, and

specifications
The proprietary data included in these items should be marked

clearly.

The license agreement also should specify the technical
support that is to be provided by the developer. This support
may include in-prccess reviews, supplier qualification, provision
of subassemblies and test articles, bench tests, in-plant
assistance, design reviews, and production qualification
assistance. The support shouid be provided at a level necessary

12-11
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to ensure production qualification of the licensee.

Requircements for data delivery and technical support
should be reflected in a milestone schedule. The schedule should
work back from the desired licensee qualification date.

Potential milestones include the following:

[ Initial management meetings

° Design briefings and engineering exchanges

® Delivery of data iterns

- Subassembly delivery and inspection

v End item disassembly, inspection, and reassembly

by the licensee

' Subascsembly fabrication and test
® Subassembly integration and test
L End item fabrication

o Production qualification

The exact activities related to each of these milestones would be ;fTI'EQ

defined by program characteristics. The key is to identify ..

relevant milestones and tie those milestones to the developer's
contractually provided incentives. The program manager then has

a useful tool to monitor progress and to motivate the developer. _®

12.5 LICENSEE QUALIFICATION

The technology transfer milestones should be extended to

include producticn qgualification of the licensee. Similarly, I:iﬁffi
incentives applied to the developer's contract should also extend .9

to licensee production qualification. C

12-12
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Qualification can be certified either by the government
or by the developer with government approval. Neither approach
has a distinct advantage over the other, as long as the

gualificaticn process is rigorous.

-The program manager car enhance qualification of the
licensee and configuration control by requiring the licensee to
use test equipment identical to that usced by the developer.
Similarly, the licensee should apply quality assurance and
configuration control procedures identical to those employed by
the licensor. One advantage of licensing is that the license

agreement typically includes this requirement.

The program manager also should censider production
rate demonstration as part of the qualification process. Such a
demonstration is a necessary condition for competitive production
of the end item. To ensure rate capability, the program manager
may direct a larger buy to the licensee following initial
qualification. Successful delivery of this buy would indicate

true qualification of the licensee.

12.6 LICENSING IMPLEMENTATION

This chapter has presented alternative methods that
could bhe used by the program manager tc implement a licensing
approach to competitive prcduction. The fundamental difference
between licensing and other te:hnology transfer technigues is

12-13
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that the developer retains the right to proprietary data and
system responsibility. This p.aces special emphasis on careful,
early planning. Specifically, the program manager should
undertake the following:

) Ensure that the licensing clause on the
developer's nontract adequately describes the
developer's responsibilities.

] Delineate the responsibilities cf the developer,
the licensee, and the government in a Memorandum

of Agreemert.

e Develop a milestone schedule of technology
transfer and production qualification activities.

® Employ negative and positive incentives to
motivate the developer to assist the licensee.

12-14
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13. CONTRACTOR TEAMING

The contractor teaming approach to ccmpetitive
production is a complicated endeavor used to ensure adequate
transfer of complex weapon system technology. The teaming
approach has been employed recently by the ASPJ and the JVX

programs.

The project manager must recognize that effective use
of contractor teaming requires formation of tears during the
early development phases of the program. At the latest,
contractor teams must be formed prior to submittal of full-scale
development (FSD) proposals. Thus, if teaming is to be employed,
the program manager must commit to production competition much
garlie

techniques.

Because each member of the team develops specific
portions of the equipment and transfers that technology to the
other team member, both team contractors are qualified
concurrently for production of the entire end item. Fcllowing
qualification, the team is split for competitive production.1
These characteristics present unique implementation issues in the
following areas:

@ Contractual relationships

lFor a more detailed discussion of contractor
teaming, see Joseoh Murray Ruppert and Steven {raig Sterrett,
"Cocmpetitive Contractor Teaming Second Sourcing Strategy as
Inplemented by the Airborne Self Protect’on Jammer Program
Cifice," Naval Postgraduate School, December 1983.
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® Team member selection

s Technology transfer

- el

i
|
t : -*
|

] Production qualification
® Configuration control

- ————y

13.12 CONTRACTUAL RELATIONSHIPS

A contractor teaming approach can be implemented
contractually in two ways:

° A prime contract with one of the team members
would specify award of a subcontract to the other
team member. 3

The team members could form a separate entity or
joint venture, to which the government would award
a prime contract.

Both methods have associated advantages and disadvantages. The R
Key point ef interest to tho program manager :s that the program
office awards and monitors a single development contract under

either method. The methods differ as to the agreements between

.—- -
the team members and the associa*2d responsibilities implied by .
those agreements.
e
Subcontract Method .
As mentioned, the contractor teaming approach could be
- ®
implemented contractually by requiring that the prime contract
with one of the contractors specify award of a subcontract to tue
other team member. The program manager must recognize that this
®

method requires considerable program office administrative effort
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to ensure the integrity of the team approach. This effort
includes the following:

® Solicitation of the teaming approach in the
Request for Proposal (RFP), including a contingent
subcontract arrangement that clearly specifies tLhe
responsibilities of the team members.

° Evaluation of the prcposals with special emphasis
on the subcontract agreement. Site surveys,
preaward audits, and detailed negotiations may be
reguired to ensure the formation of a viable team.

° Award and negotiation of the contract.

The detailed preaward activities are required to ensure
successful implementation of the subcontract method. The program

manager should note that under this method the program office has

no direct access to the subcontractor following contract award.
Thus, the program manager must ensure the contractor team is

viable prior tc award ot the contract.

- 3
'i
In evaluating the proposals, the program office must 1
ensure that both contractors are capable of producing the entire :_ 'Y ;
system. Demonstrated production capability on prior similar
programs should be a key source selection criterion. The program
office should guard against the development of teams composed of e .
complementary contractors., In a subcontract arrangement, the : :]
contractors may remain merely complementary, as a result of
inadequate technology transfer, and thus present the program __“- M:
manager with a single source supplier. : 'a>:;
|
The key advantage of the subcontract method is that it ®

can be implemented using existing contract vehicles., Special
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clauses may be required; however, there is no need to develop
special teaming agreements. In addition, since one of the team
members is a prime contractor, that firm assumes clear

responsibility for the development effort.

This advantage also can prove to be a disadvantage, in
that the prime contractor may be able to exercise considerable
I leverage over the subcontractor. Rather than a true team, the
arrangement may lead to a classical prime-subcontractor

: relationship. Furthermore, the program office has no direct

L contractual link to the other team member. If problems arise,
the program manager must work through the prime contractor.
Finally, if the prime con‘ractor is lax in transferring

=chn v, the subcontracted team nemhar has few options. AS a = o o 2

~Y ey
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subcontractor, the team member cannot force the prime contractor

to cooperate.

t -
..-. *
Joint Venture Method R

Another method for implementing contractor teaming is
through the establishment of a joint venture. The joint venture
would be a new corporate entity, supported and staffed equally by
both team members. To implement a joint venture, the following

] activities must be undertaken: i

e The program office must release an RFP. specifying
a teaming approach and a joint venture method. .

° Potential contractors must identify and form L
teams. )




® The contractors must enter into a preliminary
Teaming Agreement to enable efficient preparation
of the proposals.

® The propeosals must be prepared and submitted in
accordance with a joint venture approach.

® The program office must evaluate the proposals and
select a winner.

) The winning team must enter into a formal Teaming
Agreement establishing the joint venture.

o The contract must be awarded to the joint venture.

The joint venture method places much of the
administrative burden on the contrectors, thus limiting program
office administrative involvement. 1In evaluating the proposals,
the program office must ensure the contractor team will be
capable of competition; however, the progrein office is not

requived to specify the details of the contractors' arrangements.

The joint venture method also establishes the two
contraciors as equal team partners. Each must rely on the other
team member for critical subsystems and deliveries. Thus,
contractor cooperation is enhanced and many of the potential

problems associated with the subcontract method are avoided.

The joint venture methed also removes much of the
potential technology transfer burden from the program office. If
one of the team members is lax in transferring technology, the
other member can exercise considerable leverage. This is
possible only because of the balanced interdependence of the two

contractors.

13-5
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A joint venture also presents several disadvantages.
This complex method of establishing a contractor team requires
that a new entity be formed, that team members be identified,
that personnel be assigned, and that accounting and
administrative procedures be establishea. These activities place
a heavy burden on the contractors and require contiruing

contractor cooperation.

Another potential disadvantage of a joint venture is
that while equal partners may be established, they may remain
geographically separated. Thus, the program office may be faced
with three entities (a joint venture and two contractors),
complicating program management. This is in contrast to the
subcontract method that clearly involves only one prime cocntract

with the government.

Selecting a Method

The joint venture method presents several advantages
over the subconiract method of establishing contractor teams.
Unfortunately, the program manager cannot fovce the contractors
to form joiqt ventures. The preference for a joint venture can
be stated in the RFP; however, it is unlikely that the program
office can force a joint venture method. Thus, the program
manager may have to accept a subcortract method. In such a
circumstance, detailed contractual agreements must be reached

prior to award of the contract.
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13.2 TEAM MEMBER SELECTION

The selection of team members and the formation of
teams must be accomplished by the contractors. The program
cffice cannot direct the establishment of a particular team nor
can it identify a éreferred contractor to team with. Such

direction would place considerable risk on the program office.

The program office can influence the selection of team
members by insisting in the RFP that both team members have
demonstrated production capability with similar end items. The
team's productior strengths should ke evaluated in the scurce
selection process. Complementary teams could be 3judged as
nonresponsive to the RFP, if both team members had not produced
all-up end items. In this manner the program manager could
enhance the development of teams capable of future competition,

while not directing the composition of any particular team.
13.3 TECHNOLOGY TRANSFER

Technology transfer under a teamirng approach to
competitive production is achieved through direct contractor
exchange. The exchange should be phased to ensure concurrent
production gualification of the contractors. Specific activities

may include the following:

° Exchange of subsystems and data for inspection,
disassembly, and reassembly by the other team
member

. Fabrication and test of several joint articles

13-7
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) Simultaneous exchange of technical data and
provision of engineering support

® Fabrication and test of subsystems by the other
team member

) Fabrication and test of independent all-up end
items

These activities could form the key milestones con a technology
transfer schadule. The specifics of the schedule would be
cetermined by program specific circumstancess and manufacturing

methods.

The development schedule of critical subsystems may
preclude simultanecus exchange of technical data. In such a
circumstance, it is particularly important to identify data
delivery dates. The criticality of this schedule is 'ue to the
to3s of leverage suffered by the team member who has already

delivered the data associated with developed subsystems.

13.4 PRODUCTION QUALIFICATION

Under a teaming approach, the government shouid conduct
concurrent production gualification of the two firms. Both
contractors should be gualified on identical test equipment; thus
the prcgram manager must anticipate duplicative sets of tust
equipment down to the lowest level. Furthermore, the program
office must conduct in-process reviews, configuration audits,
cost audits and analyses, cost schedule control system
verifications, vendor analyses, and end item gualification at two
facilities. These activities may require assistance from other

13-8
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government agencies. In qualifying the team members., the program
manager should anticipate the complexity of the task and identify

additional support, if required.

The program manager also should consider maintaining
the contractcr team through initial production, to ensure
production rate capabilities. The team would be awarded a
production contract which specified a 50/50 split between the two
contractors. Following successful deliveries of both
contractors' end items, the team could be split for competitive

awards.

13.5 CONFIGURATION CONTROL

Cnce the team is split for competitive production, the
program manager is faced with the issue of who maintains
configuraticn control and design responsibilities. This could be
a significant problem if the end item must be integrated with

several other systems.

One method to limit this potential problem is for the
program office to assume configuration control following initial
production. The program manager could establish a configuration
control board that included both contractors. The board would
exercise approval authority over both Class I and Class II change

proposals from both contractors.
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This method will enhance strict configuraticn
maintenance; however, it may also discourage innovative design
changes that reduce cost. A contractor may be less likely to
suggest cost reducing proposals if they must be approved by the
firm's competitor. The program manager should anticipate this
problem and provide sufficient design flexibility to encourage
cost reducing changes, while maintaining adequate configuration
control. This can be accomplished by specifying commonality of
the equipment at or above the throwaway level. Design changes
belcw the throwaway level could be undertaken without the need

for approval by the joint configuration control bcard.

13.6 CONTRACTOR TEAMING IMPLEMENTATION

As discussed, the contractor teaming approach to
preduction competition is a complex endeavor, requiring
considerable administrative effort and planning. In implementing
a teaming approach the program manager should undertake the
follcwing:

e Include the veam concept in the program's initial

acquisition strategy and in the development RFPs,
stating a preference for joint venture

arrangements.

® Allow the contractors totai latitude in devaloping
teams and identifying contractual methods.

° Ensure that the source selection criteria measure
the demonstrated production experience of the team
members.

e Establish a milestone schedule for technolcgy
transfer.

° Concurrently qualify both producers for

production, using identical test equipment.
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] Maintain the team through initial production to
ensure production rate capability.

) Establish a configuration contrcl board that is
chaired by the program office (as configuration
control agent) and that includes both contractors.
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14, PRODUCTION AWARDS

Following technology transfer and second sovrce
qualification, one of the key issues facing the program manager
is the allocation of production gquantities during the split buy,
competitive phase of production. Typically, in a competitive
production program, the low bidder is awarded the major portion
of the annual buy, but the high bidder is assured award of at
least part of the buy. This guarantee, resulting from the desire
to maintain two production sources, may diminish competitive

pressures.

Several methods of production quantity allocation have
been suggested and employed successfully. The tfollowing methads
are discussed below with reference to histcrical experience:

° Minimum Total Cost Rule

° Solinsky Rule

[ Pelzer Rule

e PRO Concept

In addition, the use of multiyear awards and buy out are

discussed.

The adaptation of one of the award methods to a
particular program should reflect program circumstances and
goals. The program manager shculd ensure that the method
employed is understandakle and that it enhances the competitive

environment by limiting the pctential for contractor gaming. The
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first consideration in developing an award split methodology

involves the use of a minimum sustaining rate.

14.1 MINIMUM SUSTAINING RATE

The use of a minimum sustaining rate involves the
qguarantee of a fixed portion of the annual production buy to the
higher bidding contractor. This rate is normally the lowest
production rate required to maintain the contractor in pro-

duction. Such a minimum may be as low as 10 percent of the buy.

Splitting the production buy ensures the viability of
future competition. The spiit award also invelves an apparent
short-term loss in efficiency, in that award of the entire year's
production buy to the low bid contractor could yield a lower
procurement cost for the given year, compared to a split buy. On
the other hand, the loss of a year's production exnerience would
reduce the capability of the higher priced contractor to compete
for future awards. This could result in establishing the w.nner
of the initial competition as a sole source supplier, subjecting

the government to pctential monopoly pricing.

Several authers have contended that a guaranteed

1

minimum rate diminishes the competitive environment. It has

1Jay L. Pelzer, "Proposed Allocation Technique for
a Two-Contractor Procurement," Air Force Institute of
Technology, May 1979.
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been sugyested that contractors may overprice the lower
quantities, thus attaining excess profits. Normally this
pctential problem is overcome during negotiations with the high

bid contractor; however, if a minimum rate has been guaranteed,

the program manager has lost some negotiating leverage. Also, it L'f_:j
is arqued, contractors may be content with the lower quantity and 1
3

thus not bid aggressively for the higher portion.

n -
a °
These potential problems have been overccme on prior ‘ o
p1.jrams that employed sustaining rates successfully. Program ;
-
- managers and contracting officers have developed specific
L Samaaea e

technigques to take advantage of the competitive environment and

to limit potential contractor gaming.,

14, THE MINIMUM TOTAL COST RULE

The minimum total cost rule involves solicitation of
contract r prices for various portions of the total quantity buy.
For ex. _.le, lot prices for 40, 45, 50, 55, and 60 percent of the

buy may be requested. The contractors' corresponding competing o l‘;

J

bids are summed fur a total lot cost. The least cost combination

determines the award percentages. An example of this technique

r..w.i.

1s shown in Table 14.2-1. The example is based upcn an Army
Missile Command (MICOM) prog:am, involving an annual buy of

20,000 missiles.?

ZJ. A, Muller, "Competitive Missile Prccurement,"
Army Logistician, Volume 4, Number 6, November-December 1972.
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Table 14.2-1

Example Minimum Total Cost Rule

Contractor A

Contractor B

Percent of Bid Percent of Bid Total Cost
Buy Lot Buy Lot in Millions
Cost Cost of Dollars
SM SM
40 52.2 60 76.8 129.0
45 $8.5 55 70.8 129.2
50 63.9 50 64.5 128.4
55 62.3 45 58.2
60 72.0 40 51.6

As shown in Tabkle 14.2-1,

the minimum total cost

combination occurs when contractor A receives 60 percent of the

award and contractor B receives 40 percent of the award.

The minimum tetal cost rule is subject to potential

contractor gaming,

in that the contractors are presented with the

opportunity to raise their bids on the smaller quantities. Such

manipulation may result in award of the larger portion of

14-4
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3 This can be demon-

production to the high cost bidder,
h strated through a numeric example based upon the example
shown in Table 14.2-1. 1If contractor B increases its
lower quantity bids, the larger share of production would
I be awarded to contractor B. This is shown in Table 14.2-2.
Contractor B's bids were increased by 5 percent for the 50
percent bid, 10 pexcent for the 4% percent bid, and 20 percent
E for the 40 percent bid. As shown in Table 14.2-2, the bid
series Acoes not appear unreasonable.

Table 14.2-2

Example Minimum Total Cost Rule

.
R
|
ﬁi Contractor A Contractor B
=
~= bercent oi Bid Tercent cf RiAd Tatal Cact 2
F Buy Lot Buy Lot in Millions -
; of Decllars LT
I Cost Cost IR
.5l
40 52.2 60 76.8 -8
a5 58.5 55 70.8
S0 63.9 50 67.7 131.6 -9
55 69.3 45 64.0 133.3 . fjﬁ
60 72.0 40 61.9 133.9 -I,ET
S
Cen
3David W. Eiam and Paul Martin, "Requirements for I_g 3

Successful Implementation of a Competitive Dual Source Production
Strategy," The Analvtic Sciences Corporation, Cctober 1980.
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One method to limit potential bid manipulation is to
conduct should cost audits of both contractors prior to
solicitation. These special should cost audits enable the
government to establish reasonable bounds for the contractors'®
bids. If the actual bid prices appear unreasonible, detailed
supporting documentation can be requested. This procedure was

employed by MICOM on two missile programs, TOW and SHILLELAGH.

14.3 SOLINSKY RULE

Another quantity allocation technique developed by the
Army involves solicitation of contractor bids for various
quantities and calculation of midpoint bid prices. These prices
are used as inputs to an arc-tangent formulation that determines
the production split. This method is referred to as the Solinsky

rule.4

The Solinsky rvle was developed to enhance agg.essive
bidding by awarding percentage shkares of production, based upon
the difference in bid prices for a midrange quantity. If the
differential between the two contractocrs' bids is large, the
percentage share differential is large. Similarly, if the bid

differcncial is small, the percentage share differential is

4Kenneth S. Solinsky, "A Procurement Strategy for
Achieving Effective Competition Wwhile Preserving an Industrial
Mobjlization Base," U.S. Army Electronics R&D Command, Night
Vision and Electro-Optics Laboratory (undated).
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small. The bid differential is calculated as shown in equation

14.3-1.

Company B price - Company A price
Company B price + Company A price (14.3-1)

The bid differential is calculated for the midrange
quéntity only. As an example, if the total buy equals 10,000
units and bids were solicited for ranges of 2000-4000, 4000-600C0,

and 6000-8000 units, the bid differential (X) would be calculated

for the 4000-6000 range only.

The percentagqge share of production is calculated

according to an arc-tangent formulation. An example formulation

is presented in Figure 14.3-1.

QUANTITY AWARDED
TO COMPANY A 80% -

PERCENT CF PRODUCTION T , ”,,,~—‘,5§!f_3,______.

—_—

G.3 0.4 0.5

_ Co. B PRICE ~ Co. A PRICE
Co B PRICE + Co. A PRICE

Figure 14.3-1 Example Solinsky Rule

.




As shown in Figure 14.3-1, the Solinsky rule can be
portrayed as a four-guadrant diagram. The ratio of company B's
bid to company A's bid is presented along the X-axis. The
percent of the production buy awarded to company A is shown along
the Y axis. A family of arc-tangent curves, similar to curve 1
and curve 2 in Figure 14.3-1, can be generated by the program
office by varying the coanstants assoc.ated with the arc-tangent
function. As shown, the possible award outcome can vary
significantly depending upon the particular arc-tangent function
that is chosen. A particular function would be selected by the

program office pricr to releasing the RFP.

The Solinsky rule limits the potential problems
associated with the minimum cost rule; however, it also is
susceptible to contractor gaming. This is due to its reliance on
a single midrange price. The method presents an incentive to the
contractors to minimize the midrange price and to inflate prices
outside of the midrange. This is particularly attractive to the
contractors, because the actual award probably will be outside ot
the midrange. A profit maximizing firm may price the outer range
quantities up to the point where marginal profits gaired from a
higher price are equal to the marginal profits lost from a lower

award quantity.5

5Charles E. Smith, "On Defense Production

Contracting with Multiple Sources and Limited Competition,"” APRO
Resecarch Paper P-7, March 1982.
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The Solinsky rule was used successfully by the U.S.

Army Electronics Command (ECOM} Night Visicn Laboratory during

2
]
]
+
t
L

the competitive production of the AN/PVS-5A Night Vision Goggles.
The application included a minimum award of 10 vercent cf the _"f {
10,264 unit total procurement. Prices were solicited from both 7; 7;1
contractors for seven ranges, beginning with 2-2000 units up to
12000-14000 units. The contractors w.re given explicit details

of the award methodology, except for the exact form of the : i

arc-tangent function. This was done to limit contractor gaming.
In addition, ECOM reserved the right to split the award at the 1

midrange and to audit the contractors' bids. 7The audits were . _i

MRS > S - SR
]

conducted and production contracts negotiated. The production ' 1

contract totaled 374 million, a $7 million cost savings compared ' |

to budget estimates. V '
P et n—

i
o

14.4 PELZER RULE

The effect of price competition on product quality is
an area of great concern. It has been argued that price
competition forces contractors to tracde off cost and quality,
often leading toc reduced system performance. Pelzer has
developed an allocation technique that reduces this risk, by
incorporating quality and other relevant factors into the award

= -2 _

formulation.6

6Jay L. Pelzer, "Proposed Allccation Technique for
a Two-Contractor Procurement," Air Force Institute cof Technology, _e_ _
May 1979.
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The Pelzer technique assumes that the system developer

will erjoy considerable production experience relative to the
second producer. Thus, the seccnd producer could not be price
compevitive. To adjust for this, Pelzer develops an index
welghting system which reflects relative price decreases over a

tilree-year period.

The technique involves requesting bids from both
contractors for varjious production quantities. The bid prices
are then fit to a quadratic equation to reflect the effect of
production rate variations on unit costs. Average unit costs are
calculated for both contractors and then input into the selection

formula.

The selection formula includes other factors such as
equipment performance and timeliness of delivery, measured as
achieved performance versus desired. The factors are weighted
according to their relative importance. Mathematically, the

other competitive factors are calculated as shown in equation

14.4-1.
{ R
Py = [1 + (w1 - Eﬁ))] (14.4-1)
where:
wx = the weight assigned to factor X
Rx = the archieved contractor perfor-

mance for factor X

& = the specified standars for
factor X

14-10




The Pelzer technique for calculating the ananuval

competitive index can be expressed as shown in equation 14.4-2.

I = (Py) (Fy1) (F3) (F3) . . . (Fp) (14.4-2)
where:
1a = the annual total competitive index
for contractor A
P, = the average unit line price bid for ' o

contractor A
F; through Fp are other competitive ,
factors. e —d
The annual index is used to calculate an overall
competitive index for the contractor that reflects the
contractor's competitive behavior in the two priur years.
Mathematically the index is calculated as shown in equation

14.4-3.

Overall Index = I, , x .a:n x fa,n-1 (14.4-3)
Ia,n-1 la,n-2

The ratio of the two contractors' overall competitive

indices is used to determine the production quantity split.

The Pelzer apprcach presents several advantages over

prior allocation techniques. Contractor gaming is limited by the o
use of a three-year, moving-average index. In addition, the ff- jfi
inclusion of factors other than price reduces the risk of late s
deliveries or poor performance. S
The Pelzer approach is relatively complex; however, it e
L)

is not immune to contractor bid manipulation. Pelzer describes
several ways in which the technigue can be gamed. For example,

14-11



.f a contractor perceives he can win a high percentage ¢ the

award by bidding a certain average unit cost, he may mai 1late
his bids. The lower percent bids could be reduced and the higher
percent bids increased while maintaining the same average bid.
Thus, i1fi awarded the higher quantity, the contractor c»ould obtain
excess profit. Despite these potential problems, the Pelzer
approach was emnployed successfully in the procurement of the

GAU-8 30-millimeter ammunition.

14.5 THE PRO CONCEPT S

The Profit Related to Offers (PRO) Concept was

developed by the Navy Strategic Systems Project Cffice (5SP0O) for

use during competitive production of the Trident MK-5 Inertial

Measurement Unit and Electronics Assembly. This approach differs
from other allocation techniques in that both competing o _
7 -

coantractors receive 50 percent of the production award.
-9

Profit margin is adjusted based upon the contractors' bids.

The PRO Ccncept was devised to avoid the potential low

quantity bidding games associated with nther allccation :',.5

techniques. In addition, the concept stresses product quality

and performance, rather than merely bid price. This was a key _a j

7This discussion is based upon materials provided
by John Dunagan of SSPO to J. W. Drinnon on 7 July 1983. This

material included: K. V. Fleminyg, "The PRCU Concept," February
1930.

.
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concern of the SSPO, who developed competitive sources to ensure

an adequate supply of strategically critical subsystems.

steps:

The concept can be summarized as the following six

As discussed in Step 4, the high bid contractor’'s

The project office determines a competitive price
range for the equipment.

Both contractors are asked to submit target cost
bide for 50 percent of the annual buy.

If the bids are within the competitive range, the
low cost bidder is the winning contractor and is
awarded a fixed pr:ce incentive contract at the
proposed target cost. The contract includes a
predetermined target profit and a predetermined
share line.

The high cost bidder is awarded a fixed price
incentive contract at the bid target cost if the
bid is within 25 percent of the winning
contractor's bid. A target profit is detertmined
based upon the dispersion of the two bids.

If the high bidder's proposed target cost is
greater than 25 percent of the winning 8
contractor's bid, target cost is determined by
negotiation. Target profit is determined by

weighted profit guidelines. _,;g;_
Share line relationships between target cost and T
contract ceiling are determined by a random EERSEEN
procedure, to deter contractor caming. j“ff;
~—

target profit is determined based upon the dispersion of the

bids.

An example profit formula is presented in equation 14.5-1.




0.140 Cy ~ 0.3 (Cp, - Cw) if 1.00 < CL/Cw = 1.25

P, = 0.065 Cy - 0.075 (Cp, - Cy) 1f 1.25 < Cp,/Cy = 1.50
.04625 Cyy 1if 1.50 < CL/Cy (14.5-1)
Where:
Cy, = Bid cost of the losing contractor
Cw = Bid cost of the winning contractor
Pr =

Target profit of the losing contractor

As shown by equation 14.5-1, there are significant
profit penalties for the losing contractor if his bid is a great
deal higher than the winner's bid. On the other hand, if the
bids are close, the losing contractor receives a target profit
that approaches that of the winner; This formulation enhances
competitive bidding by motivating both contractors to bid their
best estimates initially. Furthermore, if the losing
contractor's bid is 25 percent dgreater than the winner's bid,

target cost is negctiated and the share line is adjusted.

The FRO Concept was developed tc avoid the problems
associated with other allocaticen techniques that base quantity
splits strictly on cost. It presents the additional advantage of
maintaining both contractors in competitive positions for the
following year's buys, due to the equal quantity split. The PRO
Concept has evolved over the last four years, with continual
adjustments made by SSPO tc deter contractor gaming. In

addition, the profit formulation for the losing contractor is

14-~14
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adjusted annually to avoid the potential problems of bidding to

lose.
14.6 MULTIYEAR AWARDS

Often the use of multivyear awards is viewed as an
alternative to competitive production. Rather than adopt this
view, the program manager should consider competitive production
and multiyear procurements as complementary. Multiyear awards
have been employed on several prior competitive production
programs, such as GAU-8 30-millimeter ammunition and the Army Night
Vision Goggles. 1In addition, multiyear buys are pianned for AMRAAM.
These programs involved split buys in which both contractors were

awarded nultiyear contracts.

The benefits of multiyear awards and production _i_igfs
compecition can be obtained if sufficiert attention is given to L$A~;'
the duration of the multiyear award. Extended awards may
facilitate contractor planning and supplier purchases, thus
leading to reduced costs. Extended awards also tie the second
producer to the smaller production quantity for a longer period,
possibly adversely affecting the firm's ability to price

competitively for future awards. Thus, the program manager must

S IREA

weigh the frequency of competition against extended multiyear
awards. In addition, potential for product innovation and design

growth should be considered when determining the lenygth of

multiyear awards.




14.7 BUY OUT

MICOM has combined multiyear techniques with production
competition by employing buy outs at the end of the production
run. A program buy out typically occurs after a series of annual
competitions and inveolves the award of all remaining production
to the winner of a final competition, even if the remaining items

are to be produced over several years.

The buy out enables the program manager tc obtain the
bEenefits of competition as well as the efficiencies of a large
production run, if the buy out is well planned. For example, the
program manager should be sure the program is at the end of its
nroduction run. Tf production is extended berond the buy out,
the losing contractor will not be involved ir. the program, and

the program manager will be ir a sole source situation.

Configuration contrcl responsibilities following the
buy out should also ke considered. If the system developer loses
the buy out, the second source may assume design responsibilities
or the system developer may retain configuration
responsibilities. The latter alternative presents the awkward
situation in which a contractor who is not producing an item

maintains cocnfiguration control.

Also, a buy out program can backfire on a program

manager whose system design is not firm. Future ECPs can provide

14-16




the winning contractor with opportunities to gain excess profits

from his monopoly position.

14.8 PROGRAM CONSIDERATIONS

In addition tc the buy out issue, other program
considerations must be assessed relative to the award
methodclogy. For example, product improvement may lead to the
production of two different configurations. The award
methodology wculd have to reflect the presence of alternative
designs. Similarly, other considerations may play a greater role
than cost in source selection. Factors such as performance,
reliability, or schedule may be key program cor :erns. These
oncerns must b

The meth »>logies for competitive production allocation
have developed in sophistication and complexity. The program
manager must adapt the various methods tc particular program
requirements. The methodology selected should be well understood

by the government and contractors.
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18. LOGISTIC SUPPORT

One of the potential costs attributed to competitive
production results from the complexities which may be introduced
into the logistic support of the weapon system. Because
deployment of two configurations may lead to additicnal spares,
support equipment, technical data, and training requirements, the
program manager should consider logistics issues early in
planrning for production competition. Many of the problems
encountered on prior programs can be avoided by giving adequate
consideration to configuration management and the system

maintenance concept.

15.1 CONFIGURATION MANAGEMENT

Rigorous configuration management can decrease the
potential adverse logistics effects of competitive production.
To achieve adequate configuration control the program manager

should do planning in four problem areas:

) Designation of the configuration control agent
] Processing of Class II ECPs

° Design of confiquration management systems

° Specification cf test equipment

Chapter Five discussed the importance of these matters in
achieving a successful production competition program. This
section presents the advantages and disadvantages of alternative

methods of handling these potential problems.




The role of configuration control agent can be
performed either by the system developer or by the program
office. Normally, the system developer will maintain
configuration control up to Critical Design Review (CDR).
Following CDR the program office can assume configuration control
responsibilities or delegate this responsibility to the system
developer for a finite period. The government must at some point

during production assume configuration control.

There are several advantages associated with contractor
configuration management through initial produ-cticn.
Producibility changes introduced during initial prcduction can
convenientliy be incorporated into the data package by the
contractor. Thus, when a stable design is achieved, the current
configuration documentation can be delivered to the government.
This reduces program office personnel requiremerts and avoids the

generation of outdated technical dccumentation.

In a competitive production program, configuration
control by the system developer also presents potential
disadvantages. As the control agent, the developer can approve
or disapprove engineering changes proposed by the second source.
In addition, the developer can implement design changes without
consideration of their impact on the second producer's costs.
These factors may have an adverse effect on the ability of the
second source to produce the system efficiently in a competitive

environment .

15-2
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Government assumption of configuration control
responsibilities avoids these potential problems; however, a
greater management burden is placed on the program office., 1In
addition to an increased engineering staff, the program office
may require increasec \gineering support from other Dol
activities. The program manager should anticipate these costs

~hen considering early government configuration control.

This increased staff may enable the program office to
exercise a great deal of authority on the configuration control
board (CCB). It is suggested that the bcard include program
office personnel and personnel from both contractors. This
decreases the potential for the introduction of changes that may

have an adverse effect on one of the producers.

Government configuration control is particularly

advantageous when considering Class II ECPs. There are two types

of ECPs:
e Class I--z noninterchangeable alteratior in
equipment which may have an impact on the cost of
a system.
® Class II--a change where altered assemblies or

components are capable of being freely exchanged
with earlier designs.
Class ¥ ECPs are nnrmally xeviewed by the CCB, which
evaluates the implications of approval and determines
implementation. Class II ECPs are usually evaluated by a

resident government representative who approves the

N
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clasgification, The changes are then initiated by the

contractor.

ECPs in a competitive program present two
complications. First, a cost-reducing change by one contractor
may increase the cost of the other contractor. Second, a Class
II ECP for one contractor may be clagsified as a Class 1 change

for the other contractor. The two complications could diminish

the ahility of one of the producers to compete effectively.

These potential complications can be avoided by

- ———

.0
government control of ccnfiguration matters. The participation 1

of both contractors on the CCB and CCBR approval of Class II

_—

~

changes, as well as Class 1 proposals., would enablie the pruygran

e |

office to assess the effect of all changes on both contractors.

2nother approach to contrelling potential logistics . ,}
problems is to insist that the two contractors have compatible
configuration management systems. This can be achieved by . R

requiring the second source to demonstrate compatibility with the T

developer's system as part of his response to the second source
RFP. The use of compatible configuration contrcl systems has
several advantages. For example, technology transfer is
enhanced. Design specifications can be transferred through
compatible computer systems, thus avoiding creation cof
unnecessary drawings and other paper. 1In addition, effective
government configuration audits can be accomplished efficiently.
Finally, the contractors and the government can discuss desigr

15-4
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changes with reference to the same control numbers. The use of

; compatible systems avoids many of the problems asscociated with
technology translation on a competitive production program.

E Configuration control can be further enhanced by the
use of identical test equipment by both contractors. The program
manager should specify the use of identical sets of test

g equipment down to the lowest level of commonality. This will
erhance product quality, as well as introduce limitations on
design flexibility. On thc other hand, this rigid constrain: may

h also limit potential cost reduction by the second producer. The
cost advantages of relaxing the constraint should be investigated

following second source production qualification.

L%

Vigorous configuration management and adequatce gprogram

; office visikility can diminish the potential adverse effects of
ﬁ competitive production on Jogistic support. As discussed, i
[ special emphasis must be placed on configuration control by the

program office. Therefore, the program manager must anticipate

increased configuraticn management activity and plan for _!,;

acditional support and personnel. This activity may extend to

key subsystem suppliers as well as the system contractors. To

ensure adequate control, configuration management must address ~—

k

i

' all critical items down to the lowest level of equipment ) J
commionality.
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15.2 MAINTENANCE CONCEPT

The prudent program manager will require that the level
of commonality between the two producers' equipment be consistent
with the system maintenance concept. Thus, if two-level
maintenance is planned, the contractors would be required to
produce systems with interchangeable shop replaceabie units
(SRUs). By determining the level of equipment commonality, the
maintenance concept also determines the degree of configuration
control that must be exerted, as well as the degree of design
flexibility afforded to the contractors. These

interrelationships are summarized in Figure 15.2-1.

SYSTEM
MAINTENANCE
CONCEPT

REQUIREC LEVEL
OF SGUIPMENT
COMMONALITY

DEGREE OF HEQUIRED LEVEL
CONTRACTOR OF
OESIGN - CONFIGURATION
FLEXIBILITY CONTROL
Figure 15.2-1 Maintenance Concept Relationships
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Because the weapon system maintenance concept often is
undefined early in a program, the program manager may have the
opportunity to investigate alternative support concepts in
relation to production competition. Within the general support
requirements of the system, the program manager can investigate
possible trade offs between design flexibility and potentially
increasing support costs. For example, compatible designs at the
fault isolation level would reduce potential spare parts
complications; however, early in the program the fault isolation
level is often undetermined. A most efficient fault isolation
level, reflecting operaticnal requirements and production
competition issues, could be identified by analyses conducted by
the program office and the system developer. Deviations from
this goal, to enumance production competition, can be investigated

and approved on the basis of economic analysis.

In particular cases, the support concept is the key
determinant of logistics costs. For example, a tactical missile
may be maintained in cold storage. 1In this case, the frequency
of missile testing, rather than subsystem failure, may be the key
contributor to logistics costs. Thus, design differences below
the system level may have a negligiblie effect on cost, compared

to frequency of testing.

In other cases the program manager may be faced with
two-level or three-level maintenance concepts. The system may be

complex, involving expensive subsystems, spare parts, and

maintenance training. Ir such casesy commonality at the
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throwaway level may be preferred. The use of built-in test
equipment BITE), consistent with the system configuration, may
enhance fault isolation and reduce maintenance downtime. 1In a
competitive production program, interchangeability of the

contractors' subsystems at the BITE level cen diminish potential

logistics problems.

Interim contractor support (ICS), through engineering
support ccntracts or warranties, can also diminish potential
logistics problems. The program manager must assers the
potential of warranties with adequate consideration of two key
factors. First, the transfer of the system to oréanic support
must be adequately addressed. The use of warranties or ICS
simpliifies initial supp thev mav also conceal
configuration differences that could have significant adverse

effects when transitioning to organic maincenance.

Another warranty issue is the willingness of the second
producer to warrant his end items produced from another
contractor's design. The second producer may consider such an
arrangement as too risky. Similarly, it is unlikely that the
developer will warrant the second producer's end items. Thus,
the proyram manager may face the potential for warranted and

unwarranted items in the inventory simultaneously.

In concluding this chapter, it is important to note
that competitive production also presents several logistics
advantages. I{ the contractors' end items are common, the two

15-8
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production sources are capable of competing for follow-on spares.
In addition, if alternative suppliers have been developed, the
potential for competitive break out is enhanced. Thus, potential
cost savings resuiting from spare parts competition may offset
potential cost ir.creases which production competition may

introduce in other logistics areas.
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16. OTHER CRITICAL ISSUES

The use of prcduction competition as an acquisition
strateqgy affects all!l aspects of the program. Several authors
have discussed specific areas that the program manager shovld

consider.l These areas include the following:

° Facilities

® Value erngineering

e Spare parts procurement

) Froduct performance agreements
e Preplanned product improvement

This chapter discusses the relationships between these areas and

the execution of a competitive production program.

16.1 FACILITIES

Th

(i}

establishment of two production facilities for a
weapon system or component presents the program marager with
issues in two areas: capacity wetermination and productivity
planning. The program manager must determine the capacity
required by the government at the two production plants.
Furthermore, the program manager must investigate the use of

industrial modernization incentives at one or both facilities.

1
“"Production Competition Vorkshop," Defense Systems
Management College, Fort Belvoir, Virginia, April 1983.
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Capacity Considerations

One often-cited concern is that production

competition may lead to excess capacity at the contractor plants,
due to splitting the production buy.2 This excess capacity

leads to a higher overhead burden and thus to a higher unit cost.

The program manager can reduce this cost through proper
facilities planning.3 If a competitive production program is
planned, the program manager should anticipate the establishment
of two production linex, each one smaller than that established
under a sinrgle source approach. The problem facing the program
manager is to determine the most efficient size of the two

facilities.

To determine an efficient size cf the production line,
the program manager musc undertake economic and technical
aralyses. A simple econcmic apprcach can be adapted from
economic theory and recent empirical regsearch. Theory suggests
that as production rate increases, unit cost decreases due %o
increased overhead absorption and production efticiencies. This

declining unit cost can be mathematically represented in many

2M. N. Beltramo and D. W. Jordan, "A Brief Review
of Theory, Analytic Methodology, Data, and Studies Related to
Dual Source Competition in the Procurement of Weapon Systems,"”
Science Applications, Inc., August 1982.

3Louis A. Kratz, "Dual Source Procurement: An
Empirical Investigation,” The Analytic Sciences Corporation,
EM~223-WA, August 1983,
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ways. A simple way is to represent the unit ccst decline as

similar to the progress curve, as shown in Figure 16.1-1.4
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PRODUCTION RATE
Figure 16.1-1 The Effect of Production Rate on Unit Cost

As production rate increases, unit costs decline.
During the buildup phase of a production program, a contractor
will incrementally ircrease the amount of dedicated tooling
on-line, This is reflected as a movement down curve A, to

some point Rl.

4John E. Bemis, "A Model for Examining the Cost
Implications of Production Rate,” CONCEPTS, The Jcurnal of :
Defense Systems Acquisition Management, Volume 4, Number 2, ® X
Spring 1981. B




The production rate in effect at R1 is determired
by a variety of factors, such as operational requirements,
special tooling and test equipment constraints, and manpower
considerations. Thus, detailed engineering and manufacturing
analyses may be required to identify Ry for a particular
program, in a particular plan*. For this discussion, Rl can
be viewed as the planned single source capacity requirement. For
example, a production program may entail a planned buy of 3,000
units per year, based upon operational and manufacturing

considerations.

The program manager of a competitive production program
must determine the size of two facilities, given a split huy.
Tcoling two lines to R] clearly would be inappropriate. The
program manager should recognize that once capital equipment is
on-line, production rate cutbacks may have a more dramatic effect
on unit cost than would be expected frcm line A.S Thie unit
cost production rate curve would be steersper than line A, as
represented by B. Thus, production rate cutbacks to R2 due

to a split buy may have large effects on unit cost as shown by Y

In contrast, if the program manager initially had

tooled the line to R the inefficiency would be represented

2!
by X. Thus, a small inefficiency with regard to rate may be

incurred due tc the split buy. However, the magnitude of the

5"The Affordable Acquisition Approach Study: Fart
Two, Final Briefing," Air Force Systems Command, Headgquarters,
Andrews Air Force Base, Maryland, February 1983.
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effect can be controlled by proper planning. The R, rate

shown in Figure 16.1-1 car be viewed as the competitive
production facilities rate. This point should be determined
based upon manufacturing analyses. Often, a particular piece of
capital equipment may ke the determining factor. For example,

special test equipment may be the pacing production equipment.

An example of facility s3izing can be seen by reviewing
current AMRAAM planning. AMRAAM is to be procured at a maximum
rate of 3.000 per year. Thus, a single source producer would be
required to produvuce 3,000 items per year. Furthermore,
additional capacity for mobilization would be required. The
prime contractors participating in the AMRAAM program are
currently preparing facilities for a normal rate of 1,800 per
year. The normal rate would be produced on a single shift basis,
eight hours per day, five days per weck. Final checkout
equipment would be used for two shifts. In addition, the
contractors must maintain surge capability up to 3,000 units per

year, assuming two shifts.

Once the preferred facility size is identified, the

program manager is faced with two related issues:

° Funding of capital costs
® Industrial modernization initiatives
16-5
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Funding Capital Costs

The program manager must determine the propec
level of government investment in the contractors' production
facilities. It has been suggested that the government shcould
fund the necessary capital equipment in both facilities. Others
have argued that the contractors should undertake the required
capital investment. This issue is complicated during programs in

which high capital costs are anticipated.

In general, the program manager should encourage the
contractors to undertake all necessary investment in general
purpose eguipment. It must be remembered that contractor
equipment and facilities are a necessary condition for picducing
weapon systems. Therefore, the contractors should undertake all
investment required to do business, their profit or fees

representing the return on investment.

On the other hand, the risk associated with capital
investment in the defense industry is high.6 Contractors

invest in equipment based upon projected annual buys; however,

these buys often are reduced due to budget constraints. Thus,

the contractor is faced with reduced returns to capital and

|
. . . —"_
excess c\pacity. To offset this risk, the government typically _ f}
R
1
1

6Jacques S. Gansler, The Defense Industry, MIT , §
Press, Cambridge, Massachusetts, 1980. P
4




funds special tooling and test equipment. This equipment is
unique to the particular weapon system and remains
government-owned property. In a competitive production program,
it may be necessary to fund two sets of special tooling and test

equipment.

The shared investment approach may be insufficieat at

high amounts of contractor investment are required. In such

cases, the program manager should consider indemnifying the - 8

contractor's investment for a given quantity over a specified

pericd. This approach was employed successfully on the GAU-8 : \4
L

30-millimeter ammunition program. The program manager should

note that this approach involves use of an unfunded contingent

liability which may require review and approval by higher o i;J
authority,. 1
]
bl

Industrial Modernization Initiatives

—
Recent concern over the productivity of the defense E-_:}f?
industrial base has led the DoD to implement the industrial ‘ >‘;
Modernization Incentives Program (IMIP). The ckjective of IMIP ;; ;;
is to develop, test. and refine contract incentives encouraging '

industry to make productivity enhancing capital investments. The

incentives include shared savings rewards, and contractor

- .. 8
investment protection.7
7A. Douglas Reeves, "The Industrial Modernization ®
Incentives Program: An Experimental Effort to Improve Defense -7
Contractor Productivity,” Industrial Productivity Directorate,
Office of the Under Secretary of Defense (Research and
Engineering), December 1983.
16-7
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Cin a single source production program, IMIP projects can
be svaluated using standard return-on-investment criteria. On a
competitive production pregram, IMIP presents several complex
issues, ixcluding the following:
¢ Should incentives be applied to both contractors?

@ Given the differences in produvction processes, how
can incentives be applied fairly?

@ How are shared savings to be calculated in a
competitive environment?

e what is the effect of shared savinas on contractor

pricing inh a competitive environment?

The program mansger must investigate these issues in
detail when considering the use of IMIP on a competitive
producticn pregram. Sharing arrangements, indemnification, and
potential pricing strategies must be reviewed to ensure that one
contractor doces not attzin an unfair advantage over the other
through govercsment initiat_ves. The program manager should
recall that one of the benefits attributed to production
competition iz increased capital investment. Contractors may
irvest in capital equipment in a competitive environment to
enhance their competit.ive advantage. The program managaer should

consider this potential benefit when assessing im:F applications.

16.2 VALUE ENGINEERING

Value =ngineering presents another circumstance where
shared savings may complicate a competitive production program.
FAR 48.1 describes the value engineering procecss. Value
engineering was develop2d to provide contractors with an

l16-8




incentive to lower costs. It has been argued that contractors do
not introduce cost-reducing change proposals, because lower costs
would eventually lead to lower profits, since profits are
calculated primarily based on cost. Value engineering is used to
correct this problem by sharing the cost reductions with the
contractor. Thus, the firm receives a return on its

cost-reducing change proposals.

In a competitive environment the applicability of value
engineering is guesticnable, because competition provides an
incentive for contractors to develop cost-reducing changes. On
the other hand, under a value engineering clause, a contractor
ray propose a cost-reducing change that is classified as a Class
I ECP, theieby regquiring a configuration change. BRoth
contractors would incorporate the change if approved. The
contractor that submitted the value engineering change would
share in the savings for the total number of items produced by
both contractors during the sharing period, as speciried in the

value engineering clause. Thus, the contractors are provided

with an incentive to propose value engineering changes.

Another method of encouraging value engineering change
proposals is tc provide the developing contractor with "credits”
in future source selection processes. The “"credits" would be
used to enhance the contractor's position in determining the
quantity split. This approach has the advantage cof not requiring
direct payments to the developing contractor. This innovative
arproach was used successfully on the TOMAHAWK program.

16-9




16.3 SPARE PARTS FROCUREMENT

Competitive production of end items presents the
program manager with several opportunities for competitive spare
parts procurenent. The program manager must also recognize that

production competition may involve short term complications.

In general, initial spares are procured under Basic
Ordering Agreements (BOAs), due to difficulvies in identifying
initial spares requirements. The BOA provides a way of obtaining
spares in a timely manner; however, it may be uneconomical in
that the advantages of quantity ordering are not attained. Due
to potential differences in design and manufacturing in a

competitive nroduction program; initial spares should be nrocured

from both contractors, each contractor providing spares for its

fielded system.

As the system matures, the program manager should
consider competitive procurement of common spares. The
contractors could submit cost proposals as part of their

production proposals, or a separate competition could be held.

The program manager also may consider competitive break
out of selected spare parts. If the prime contractors developed
alternative suppliers as part of their production program, this
approach could result in considerable savings. By competitively
breaking cut selected spares, the program manager could reduce

16~10




overhead layering and attain competitive prices. The proaram
manager must recagnize that this approach may require additional

program office personnel.

16.4 PRODUCT PERFORMANCE AGREEMENTS

Product performance agreement is a generic term used to
refer to warranties and guarantees. DoD recently has placed
increased emphasis on the effective use of warranties and
guarantees to ensure that end items fulfill their operational
requirements. Under a product performance agreement, a
contractor agrees to repair or replace, at a fixed cost, any item

that fails to meet a specified performance requirement.

A specified performance requirement is any specifically
delineated mandatory performance requirement set forth in a
government production contract for a weapon system or in any
other agreement relating to the production of such system, Often
used requirements include reliability, availability, and spares
stock lievels. The fixed price of the product performance
agreement provides both positive and negative financiel
incentives to contractors to emphasize life-cycle considerations

during equipment design and initial production.

The developrent and application of product performance

agreements is a complex undertaking that requires detailed

l16~11
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analysis.8 The compiexity of the issue has led to the

establishment of a Product Performance Agreement .Center (PPAC),
located at Wright-Patterson Air Force Base, Ohio,!under the ioint
sponsorship of Air Force Systems Comnand and Air Force Logistics
Command. For detailed information concerning warranties and

guarantees, the program manager is referred to PPAC.

The program manager shouvld recognize that warranties
are required on major items. Section 794 of the FY84 Department
of Defense Appropriations Act requires the inclusion of
guarantees in all new procurements, unless the Secretary of
Detense determines that a guarantee would not be cost effective
The impiementation of this requirement is currently an area of
debate: however, the program manager should anticipate that the

use of warranties will be examined in *the program review process.

As discussed in Chapter Fourteen, the use of warranties
ray be difficult in a competitive productiorn program. The second
source contractor rav be unwilling to warrant end items that were
produced from ancother manufacturer's design. Thus, the program
manager may be faced with fielding warranted and nonwarranted

itens.

8'Product Performance Agreements: Historical

Perspectives," The Enalytic Sciences Corporation, SP-4630-1, May
1483,

1€-12
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Cn the other hand, the existence of two producers
provides the program manager with an opportunity to procure
warranties in a competitive environment. In a competitive
production program, the price of the warranty or guarantee could
be incorporated as a source selection criterion in determining
the quantity split. A recent exempie of this approach is the 2ir

Force Alternate Fighter Engine (AFE) program.

The AFE program involved a form, fit, and function
competition between the General Electric F101-GE-100 engine and

the Pratt and Whitney F100-PW-220 engine. The initial award in

FYB84 resulted in General Electric receiving 75 percent of the
annual buy and Pratt and Whitney receiving the remaining 25

percent. The Air Force estimates that their acquisition strateay

LIRR I RN

resulted in a life-cycle cost savings of between $2.5 and $3
billion. The Air Force also contends that contractor
responsiveness was improved.
- @

In addition, the Air Force feels that the AFE program _5"1-{]
competition, paramount to negotiating a good warranty at a iri‘v'j
reasonable price, allowed the Air Force to obtain, at a
reasonable price, the most comprehensive warranty ever provided

for a DoD aircraft enygine. The AFE warranty requires the

contractor to correct deficiencies in material and workmanship,
replace unuseable or unserviceable engines or components,
guarantee total engine removal rates, and assure that engines
retain their performance within a defined time limit or a

16~13
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specified rumber of tactical cycles. Further, the government
itself can repair or replace a failed item under warranty, and
the contractor will reimburse the government within specified

conditions.
16.5 PREPLANNED FRODUCT IMPROVEMENT

Preplanned product improvement (P3I) presents
another area in which the program manager could take advantage of
competitive production. P3I is a recent initiative
developed to field systems quickly with a limited capability and
to improve these systems in a planned, systematic manner. Often

the inprovements incorporate field responses to the equipment.

In a2 cempetitive preduction program, the projram
manager has direct access to two gualified sources who could
develop the product improvement. The two sources could provide
competing design teams. thus enharcing technical achievement.
Furthermore, the two contractors wouid be more cost conscious,

knowing that a competitor was developing a similar improvement.

Thzse advantages are offset to a degree by additional
development costs and potenttial logistics complications. The use
of P3I in a competitive environment may lead to a
multipolicity of designs in the inventory. The program manager
must anticipate this potential problem and exercise the level of

configuration control necessary tc avoid large cost increases.

16~-14
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16.6 SUMMARY OF OTHER ISSUES

This chapter has presented several issues related to
production competition. 1In general, these are areas in which the
program manager can use competition to the advantage of the
government. The proaram manager is cautioned that these
advantages are not automatically obtained. Rather, they require
careful planning and execution. Specifically, the program
manager should undertake the following:

L] Conduct detailed economic and ergineering
analyses to identify preferred facility size.

) Allow the force of competition to stimulate
contractor investment in general purpose
equipment.

) Rely on competition as an incentive fcr
cost-reduciny design changes, but prc ids
contractors with additional incentives for
cost-reducing Class I change proposals.

® Extend the competitive environment into the SRR,
procurement of spare parts. RN

o Take advantage of the forse of competition in the
areas of warranties and P°I.
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A PRODUCTION COMPETITION

In develcping a producticn competition prograi, the
program maniager is presented with several methods in which
competition can be applied to a particular preogram. Numerous
characteristics define the methods of competitien and thus
influence the important production, economic, and incentive
structures that the program manager must assess. Two dimensions
can be used to define the different methods of competition: the
number of production sources and the number of competitions
undertaken. These two dimensions give rise to four methods of

competition:

e Winner-take-all. single competiticn
® Winner-take-all, reprocurement

° Split award, single competition

] Split award, reprocurement

These methods present different characteristics and different

incentives to the competing contractors.

Al WINNER-TAKE~ALL, SINGUE COMPETITION

This method of applying competition involves a
competition at the beginning of the production cycle in which the
winner receives the entira production quantity. The single
competition provides a large incentive to buy in, since no
pressure or threat of competition is brought to bear throughout
the production cycle. Further, if the producer experiences cost

A-1
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increases, performance failures, or schedule problems, the
prcgram ranager must either accept the results or begin the long
«ind costly prccess of qualifying a second producer. The benefits
of ccocmpetition cannot be assumed to remain after the production
contract is awarded and the previously qualified second source is

removed from contention.

The program manager can distinguish this method from
other production competition methods by noting that the single
competition is really competiticn for production. Continuous

competition can be viewed as competition during producticn.

The winner-take-all method was demonstrated recently by
the Air Launched Cruise Missile. The program involved
competitive development efforts during full-scale development
(FSD) leading to a competitive fly off. A single contractor was

selected to proceed into broduction.

A.2 WINNER-TAKE-ALL. REPROCUREMENT

This method of competition ic¢ used primarily to procure
spare parts, rather than production end items. The method
suffers from severe limitations in relztion to complex systems;
however, it may prove useful for less compiex end items such as

ammunition and electronic subsystems.

The win er-take-all, veprocuremert metlod inveolves a
series of winner-take-all competitions neld throughout the

A-Z
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production cycle. A firm has less incentive to buy in, because

if it allows costs to rise, it may become noncompetitive at the
next production point and face the loss of all of its production.
?he program manager must recognize that once a firm obtains the
contract, no other firm is producirng. Therefore, no other line
is "warm"” and no direct competitors exist. Further, the
potential competitors at the next bidding point may find it hard
to incorporate required configuration changes and mariufacturing

technology which would make them competitive.

If employed tor complex end items, this method also
presents the program manager with configuration control
complexities. If the prime contractor producing the item changes
due Lo compstitive awards, contractor responsi
confiqguration control will become cornfused. The system developer
whe is not in production may have no interest in maintaining the
configuration. If the system developer does retain design

responsibility, the second source will be hesitant to suggest

changes.

These limitations have precluded the use of this method
on prior competitive production programs. The method does
present a viable approach to procuring simple subsystems
competively. Thus, the program manager should consider this

method when assessing potential subsystem break cut.
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a.3 SPLIT AWARD, SINGLE COMPETITION

In this case, there is one competition at the beginning
of the production cycle leading teo a split buy betwsen two
competitors according to some predefined formula. The quantity
may be split 80,20, or in some other ratic, or the bids may
determine the final split. Even though ro further formal
competitions are held, each firm 1s aware that if its costs rise,
or if its schedule or performance slip uracceptably, the program
manager may increase the competitor's share. The force of
competition is maintained, but not through formal price

competitions.

This method may present the program manager with a
viable approach toward establishing two production sources, if
the primary goal of the program is industrial bhase development.
The single split enables the contractors to plan production
facilities efficiently and to corder components and subsystems in
economically efficient quantities. Used in conjunction with
multiyear procurement, this method can establish two efficient
production sources of an end item while decreasing the

administrative burden on the program office.

A.4 SPL1T AWARD, REPROCUREMENT

In this case, the production quantity is split between
two producers, but the split may be changed through a series of
reprocurements. The firms do not face the threat of losing their

A-4§
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production quantity entirely; however, they may have it reduced
substantially if they are not competitive at the next bidding
point. Since the firm is certain of obtaining some quantity of
production, it faces less competition than in a winner-take-all
reprocurement. However, it also has an uvp-and-running competitcr

ready to take over its production if it experiences problems.

A prcblem with these competitions is that they present
a contractor with the opportunity to submit artificially high
bids tor the small production quantity portions of the buy,
thernby obtaining excessive profit levels. The program manajer
can counter this problem by developing a source selection plan
that presents the competitors with the potential for a zero
award. Furthermore, detailed audits and negotiation zould be

used to ensure reasonable pricing of the lower quantity share.

This method of production competition has been employed
successfully on several prior DoD programs, including AIM-7F,

AIM-9/G, the GAU-8 30-millimeter ammunition, and HELLFIRE.
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8 PRIOR EMPIRICAL STUDIES OF PRODUCTION COMPETITION

Numerous studies of production competition have been
undertaken. In general, these efforts have employed different
data sets and different methodologies resulting in a diversity of
results. Furthermore, many of these studies present results in
an aggregate form, using measures such as average savings

achieved.

Fortunately, research on production competition has
increased in sophistication as researchers have obtained a
clearer understanding of the complexities of production
competition. Several research eiforts have concentrated on the
effect of competition on contractor price behavior. These
efforts have supported the development of the economic analysis
that is presented in Chapter Four. The purpose of this appendix
1s to trace the historical evolution of the economic analysis by

veviewing the following works:

® U.S. Army Electronics Command (February 1972)
° Zusman and Asher (March 1974)

] Lovett and Norton {(October 1978)

e Daly., Gates, and Schuttinga (September 1979)
° Drinnon and Hiller (Deceinber 1979)

® Kratz ard Cox (May 1982)

Ir addition, several recent studies have addressed other critical

issues associated with production competiticn. O©One such study 3
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by Greer and Liao (October 1983). This effort presents an
analysis of the relationship between production capacity and

program savings. This effort is also summarized.

B.1 U. S. ARMY ELECTRONICS COMMAND
"The Ccst Effects of Sole Sourca vs. Competitive
Procurement," U.S. Aruy Electronics Command, Cost
Analysis Division, Comptroller, February 1972.

In 1972 the U.S. Army Electronics Command (ECOM)
published a study of weapon system components which previously
had been procured sole source, but which eventually were procured
competitively. The study analyzed 13 cases and found that unit
price reducticns averaged 54 percent upon the introduction of

competitien. Furthermore, a prediction ccenfidence of 40 percent

price reducticn was iaentified for planning purposes.

The methodology used by ECOM was to calculate, for each
component, the difference between the last sole source price and
the first competitive price, thus obtaining a unit price
reduction figure. That number then was multiplied by the total
number of units in the competitive buy in order to obtain total
"savings" due to competition. Savings, as a percentage, were
calculated simply as the difference between the two prices

divided by the cld sole socurce price.

The ECOM---72 da a base was comprised of radio sets,
test sets, and cther electrenic components. The price data (from

FY62~-FY70) were not adjusted for inflation. The analysis




2]

B - )

‘1l--
3 .

e ey

-w“-?v—y"rﬁ-w“' . 1;-‘ ——

considered neither the ncnrecurring costs of establishing the

cowpetitive sources, nor the learning curve effects.

B.2 ZUSMAN AND ASHER

M. Zusman and N. Asher,ec.al., "A Quantitative
Exami—ation of Cost Cuantity Relationships, Competition
During Reprocurement, and Military Versus Commercial
Frices for Three Types ¢f Vehicles,” Institutz for
Defense Araiyses, Frogram Anralysis Division, Study No.
S-429, March 1374.

In eavly 1974, Zusman and Ashey at the Institute for
Uefenze Analyses (IDA) published a large study which included an
evaluation of compegtition during reprocurement of weapon systems
and comporencs. The studv found that, for the 20 cases analyzed,

unit price eductinns averaged 37 percen. vpon the creation of a

. L . [ W SO g m 3 . y £
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several small missiles, a bomb, and various 2lectronic items.

Tne study methodology differed substantialy from
‘g, in that 1t extrapolated the last sclie scurce price down
yreviously established learning curve to determine what the

sole souvrcea price would have keen in the absence of competition.

This extrapolated sole source price wiss then compared to the L -
competitive price in order to calculate the pevcentage savinqgs
and the total dollar savings attributable to the introduction of
competiticn during preduction. '“*“‘
The analysis, uging data frem FYS57 to FY73, was
L2

adjurted for inflation. Like ¥COM-=72. it Jdid not consider the

nonrecucrring costs of esrablishina the competitive sources.
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Thus, the savings presented in Table B.2-1 must be considered as
gross savings. ——
®
TABLE B.2-1 T
ZUSMAN AND ASHER NS
PERCENTAGE SAVINGS DUE TO COMPETITION o ’
- el
®
PROGRAM GROSS PERCENT SAVINGS ]
TOW Missile 48.1 .
SHTLLELMGH - 0.2 ]
TALOS (Gs«C unit; 42.3 e
BULLPUP 12 (Maxrtin) 13.9 . @ 1
BULLPUP 12 (Maxscn) 45.8
HAWK Motor Parts 6.4
MK-48 Torpeds Warhead 53.2
MK-48 Eleciric Assembly 17.5 )
T™~204 Cable Combiner 5G.2 R
TL~202 Radiv Cowbiner 52.5 - % 1
TD--352 Muitiplexarv 57.8
TD-6C0 hul*iplexer 30.2
60-6402 Electric Centrol 57.0
ArX72 nirburune Transponder 32.6 g
SPA--¢5 Radar Indicator 21.3 - —
JSH- 181 Test Set 36.9 . @ p
FGL--20 Teletyrpe 32.0
MD-522 Modulator 60.3
C¥-1540 Signal Converter $3.7 |
e — i !
. L]
B.3 LOVETT AND NORTON - % .
E. T. Lovett and M., G. Norton, "Determining and ‘
Forecasting Savings from Competing Previously Sole
Source/Noncompetitive Contracts,”™ Army Procurement
Research Office, APRO 706-3, October 197 "
Based on the two prior efforts, Lovett « ¢+ orton
reviewed the price behavior of contractors on 11 competitive
awards that had previously been sole source. The data set .-
included three tactical missiles and assorted elecrronic systems.
Recurring csavings were caloulated by extrapolating the sole
source learning curve to 1dentify the would-have-been sole source 2
price and then comparing this price to the achieved competitive
price 1n constant dollars. It is important to note that Lovett
B-4
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and Norton compared only those two prices.

There was no

consideration of follow-on competitive prices. Their approach is

shown graphically in Figure B.3-1.

ACHIEVED SINGLE SOURCE

COST IMPROVEMENT
'\ /
1\‘

RECUARING
cOosT
SAVINGS '

LOG OF UNIT COST

PROJECTED SINGLE
SOURCE COST

AN
CHIEVED
COMPETITIVE
COSsT

©

LOG OF CUMULATIVE QUANTITY

Figure B.3-1

Lovett and Nur-ton Methodology

Based upon the two prices shown in Figure B.3-1, Lovett

and Norton estimated percent savings due to competition. This

was achieved by calculating dollar savings
the quantity procured. The dollar savings

the total program recurring costs.

The savings identified by Lovett

as price savings times

were then divided by

and Norton using this

method considered only recurring cost. The methodology did not

address the nonrecurring costs associated with establishing the

second source. The savings identified by Lovett and Norton are

presented in Table B.3-1.

3




: TABLE B.3-1
LOVETT AND NORTON _
PERCENTAGE SAVINGS DUE TO COMPETITION -

i o
+ PROGRAM GROSS PERCENT SAVINGE
; TOW Missile 8.5
: TOW Launcher 30.2
DRAGON Round 2.7 -
DRAGON Tracker 12.0 o
SHILLELAGH 5.9
FAAR Radar 16.¢€
FAAR TALDS 18.2
AN/ARC-131 -2.1
UPM-93 Test Set 3.0
t‘ PP-4763/GRC Pcwer Supply .3 °
AN/PRC-77 34.8
B.4 DALY, GATES, AND SCHUTTINGA
’ -
P G. G. Daly, H. P. Gates, and J. A. Schuttinga, "The - @
Effect of Frice Competition on Weapon System
Acquisition Costs," Institute for Defense Analyses,

Program hralysis Division,. Paper No. P-1435, September
1979.

.-aw-—v
1
¢
]

In 1979, Daly, Gates, and Schuttinga expanded upon the
4 work that haa been performed at the Institute for Defense
Analyses {(IDA) in 1974 by Zusman and Asher. Daly, Gates, and

!‘ Schuttinga examined 31 competi.ive reprocurements. - 4

The methodology for examining the 31 programs was in

3 accordance with earliexr IDA procedures: the last sole source - 4

price was extrapolated down its learning curve to obtain a figure
which would be compared with the competitive price. The IDA--79 }

data were adjusted for inflation; however, production rate

effects were not evaluated, and technology transfer costs were 1
not considered. The IDA model for describing the effects of i

competition attributes 21l savings to a steepened : 1




post-competition learning curve. A rationale for tae steepened

curve is not presented.

The data base consisted of five missiles, a bomb, a
guidance and control unit, and an assortment of- electronic
components. The analysis showed an average unit price reduction
equal to 35S percent. The authors suggest that program planners
should assume the following price reductioins when competition is
introduced into previously scle source production programs:

® 10% reduction for split-award.

® 20% reduction for winner-take-all buy outs.

The gross savings identified by Daly, Gates, and

Schuttinga are shown in Table B.4-1.

—e
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TABLE B.4-1
DALY, GATES, AND SCHUTTINGA
PERCENTAGE SAVINGS DUE TO COMPETITION

Program Gross Percent Savings
TOW Missile 8.9
SHILLELAGH -3.0
TALOS (G&C unit) 40.8
BULLPUP 12 (Martin) 31.7
S1DEWINDER AIM-9D/G -4.6
SIDEWINDER AIM-8B 1.6
Standard Missile MR RIM 66A -4.2
HAWK Motor Parts 45.7
TOW Launcher 44.2
Rockeye Bomb -23.0
TD-204 Cable Combiner 62.1
TD-202 Radio Combiner 46.8
TD-352 Multiplexer 58.0
TD-660 Multiplexer 38.3
60-640 Electric Control 49.4
APX72 Airborne Transponder 27.1
AN/ARC-54 55.0
AN/PRC-77 20.5
AN/GRC-106 43.3
AN/GRC-103 58.7
AN/APH-123 6.2 e 1
SPA-25 Radar Indicatcr 48.8 -
USM-181 Test Set 56.0 .
FGL-20 Teletype 23.7 :
MD-522 Modulator/Lemodulatcr 58.6 S
CV-1548 Signal Converter 64.0 j
MK-980/PPS-5 56.0 T e
PRT-4 42.3 - 1
Aerno 42-0750 54.8
herno 42-2028 19.9
, ]
B.S DRINNON AND HILLER - 1
BT
]
J. W. Drinnon and J. R. Hiller, "Predicting the Costs :
and Benefits of Competitive Production Sources," TASC
Repocrt 1511, December 1979. ) .
Drinnon and Hiller expanded upon the efforts of Lovett !
and Norton in 1979. In their review of 45 programs, Drinnon and }
Hiller employed an approach similar to that used by Lovett and ®
Norton. The approaches differed in that Drinnon and Hiller

calculated savings based only upon the remaining production

B-8 L/



quantity. The authors argued that costs incurred prior to

competition should not enter into the percent savings

calculation.

The savings identified by Drinnon and Hiller are
presented in Table B.5-1. The savings do not include
consideration of nonrecurring costs. Thus, they must be

considered as gross savings, rather than net savings.

BR-9
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TABLE B.5-1
DRINNON AND HILLER
FSTIMATED PEKCENTAGE SAVINGS DUE T0O COMPLYVITION

DRAGON Round

SIDEWINDER AIM-9D/CG
PP~4763/GRC Pcwer Assembly
SPA-66 Kkadar Inrdicator -
Rockeye Bomb -
SIDEWINDER AIM-9B

AN/ARC-131 Radio ~

I de 0 ©C 2 O

Program Gruss PercentSavings
AN/APM-123 67.7
MK-980/PPS--5 66.5
AN/ARC-54 63.1
MKk-48 Torpedo Test Set 61.8
MK~-48 Torpedo Exploder 61.2
AN/GRC-103 60.1

tandavd Missile, MR RIM 66A 59,2
AN/ARA-63 Radio Receivey 57.9
TD-352 Multiplexer 55.6
60~6402 Electric Control 52.7
MD-522 Modulator/Demodulator 51.9
HAWK Motor Metal Parts 49.9
MK-48 Torpedo Warhaad 48 .6
MK-48 Torpedo Electric Assembly 47.0
Cv~1548 Signal Converter 45.4
AN/¥YC 8X 435.2
TD/204 Cable Combiner 42.9
AN/PRZ-77 Radio 41.9
AN/GRC-106 41.86
TD-202 Radio Combiner 40.2
FGC-20 Teletype Set 38.9
TALOS Missile 9.8
USM-181 Telephkone Test Set 36.13
Standard Missile, ER RIM 67k 34.0
AN/SGS 23 208A Transducer 32.3
TOW Launcher 30.2
TD-660 Multiplexar 28.4
BULLPUP 121 Miszile 26.5
APX72 Airborne Transpondar 23.3
IFFAAR TADDS 18.2
FAAR Radar 16.6
TOW Micsile 12.3
DRAGON Tracker 12.3 '
UPM-98 Test Set 11.%
AN/ASN-43 10.7
$PA-25 Radar Indicator 10.7
SHILLELAGH 4

8
7
4
5
.5

—

<)

0 more signif.cance was Drinnon &-d Hiller's review of
Ford Aerospace price behavior in the SHILLEL-CE preogram. Tihils

B-10




review concentrated on the effects of continuing competitions.
Sufficient data points enabled the identification of pre- and
post-competition learning curves. Their review led to the
development of a theoretical framework for assessing continuing
preduction competition. They postulated that establishment of
production competition led to the following:

° An immediate price reduction, characterized as a
dcwnward shift of the learning curve.

® Continuing improved price reductions,
characterized as a rotation of the learning curve.

These effects are shown in Figure B.S5-1.

]
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LOG OF CUMULATIVE QUANTITY

.
Figure B.5-1 Drinrion and Hiller Framework 7

It is important to note the framework was developed °
based on one case, applied only to the origiral producer, and did '

B-11 °
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not result in a statistically significant econometric model. The

authors offered the concept as an exploratory framework.

B.6 KRATZ AND COX
Lou Kratz and Larry Cox, "Analysis of AMRAAM
Acquisition Alternatives: Phase II," TASC Technical
Report--4049, May 1982.
Kratz and Cox expanded upon the conceptual framework
presented by Drinnon and Hiller in several ways:

. Investigation of second source price behavior

] additional empirical investigations of the shift
and rotation concept

. Incorporation of the effect of production rate on
urnit cost

The authors then applied the expanded framework to a specific
analysis of the potential effect of production competition on the

AMRAAM program.

Kratz and Cox suggested that an established producer
would not reduce his unit price unless the second source was a
viablz competitor, and applied some competitive price pressure.
The authors argued that such behavior on the part cf the second
source would be evidenced by a steeper cost improvement rate or a
lower first unit cost than the initial producer's. This
hypothesis was investigated by Kratz and Cox using unit cost
improvement curves based upon fi- tactical missile programs.

The results of their analysis are summarized in Table B.6-1.

———— e —
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TABLE BR.6-1

KRATZ AND COX
COMPARING FIRST AND SECOND SQURCE COST
IMPROVEMENT CURVES AND FIRST UNIT COSTS

Cost Improvement Rata
%
Program First Second Difference First Unit
Source Source % Cost Reduction

BULLPUP 0.82 0.80 2 46
ITOW 0.98 0.89 9 20
SIDEWINDER

AIM-93 0.90 0.83 8 17
SIDEWINDER

AIM-9L 0.91 0.87 4 18
SPARROW

AIM-T7F 0.85 0.84 1 14

Given this competitive pressure, Kratz and Cox
investigated the price reaction cf the initial producer on five

tactical missile programs. Their results are shown in Table

B.6-2.
TABLE B.6-2
KRATZ AND COCX
INITIAL PRODUCER'S REACTIONS TO COMPETITION
Program Contractor Shift (%) Rotation (%)
SPARROW Raytheon 4 8
ULLPUP Martin 14 13
TOW Hughes 15 32
ISIDEWINDER AIM-9B General Electric 9 6
FIDEwINDER AIM-9L Raytheon 10 7

The authors noted a large variation in the shift and

rotation parameters estimated from prier programs. In an attempt

-.




to explain the variations, the authors developed the concept of a

best competitive curve.

The curve represents the continuing cost improvement
curve which begins with the historically derived, noncompnetitive
first unit cost a achieves parity with the competitive last
unit cost. It represents what might have happened had the
original producer been under continuing competitive pressure from

the outset. The Kratz and Cox concept is shown in Figure B.6-1.

ProyecTED SINGLE
Source Curve

UNIT )
COST DeveLorer’s COMPETITiVE
J CuRVE
BesT COMPETITIVE
CURVE

. -
Q, Q,

QUANTITY PRODYCED
Figure B.6-1 Hypothetical "Best Compe itive"™ Curve

Kratz and Cox compared the slope of the hypothetical
best competitive curve to the achieved single source curve for
the five tactical missile programs using simple linear

regression. This resulted in eguation B.6-1.

- 4
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Comp. Rate = ,184 + .757 (single source rate) (B.6-1)
Where:

Comp. Rate = best competitive cost
improvement curve

Single source rate = the achieved single source
cogt improvemen? curve
prior tc competiticn
Given this result, the authors suggest the "best
competitive” curve provides a means to explain the observed cost
behavior of the original producers. The observed shifts and
rotations (of varving magnitudes) of the original producer's cost
improvement curve can be characterized as making up for earlier
coct improvements which were possible, but were unrealized due to
the absence of competitive pressure. This implies that the
earlier competitive pressure is applied during the production

phase, the earlier the original producer moves toward the best

competitive curve.

Furthermore, the authors noted that the slopes of the
hypothetical best competitive curves corresponded with the slopes
of the competitive second source curves. In othar words, the
second producer, who would be attempting to »e competitive from
the outset, follows 2 (historically derived) cost improvement
curve very similar to the best competitive cost improvement curve

calculated for the original producer.

Kratz and Cox combined these factcrs into a predictive
framework, in which the system developer is assumed to alter his

cost behavior just enough to stay ahead of the second producer in

B-15
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a ccmpetititv» environment. Thus, the autinors project a system
developer's shift and rotation, assuming he bids to win. The
authors note that relaxing this assumption through sensitivity

analvses provides a useful bound on potential savings.

Kratz and Cox 1so introduced consideration of the
effect osi production rate variation on unit cost. They present
this consideration as an exponential, similar to the cost
improvement curve. The authors' formulation is shown in eguation

B.6-2.

z = axtyC (B.6-2)

where:

h

2 = unit cost of the Xt item produced

A = const.nt (sometimes referred to as T1
or "first unit cost")

B = exponent which describes the slope
of the quantity/cost curve

¥ = (proxy) produc:ion rate in effect

C = expounent which describes the slope of
the rate/cost curve

Kratz and Cox present a symmetric T-shaped production

rate cost curve. This is achieved as siiown in equation B.6-3.
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0 (B.65-3)

| ]2, - R if Ry < R < 2Rj - 1

(R1E R CR
Y =

where R is the production rate in effect for a
given lot, R, is the optimal production
rate and Y i$ as in eguation B.6-2.

ln g
In 2

1

c

g = production curve rate parameter whose
interpretation is similar to that of the
cost improvement curve parameter. For
example, if @ = .90, then a doubling of
the production rate (up to R.,) results
in a lowering of unit cost by 10 percent.

This procduction rate formulation was presented
initially in:

M. Bohn, et al, "Analiysis of Acquisition Alternatives
for GPS User Equipment,"” Technical Report 1426--4, The
Analytic Sciences Corporation, May 1981,

Mcst recently, Bonn and Kratz have precented a detailed v

description of the formulation. This latter effort is summarized

aden it 2

in Appendix (.

dicaband

A

B.7 GREER AND LIAO

Willis R. Greer and Shu §. Liao, "Cost Analysis for
Duil Source Weapons Procurement," Naval Postgraduate
Scncol, October 1983.

Greer aid Liao present a comprehensive review of recent
studies an.. models cf production competition. Based upon this

review, the authors conclude that several key variables such as

RIS

contractor profitability and capacity utilizaticn have received
inadequate empirical attention. To address this limitation, the

authors undertake empirical investigations in the two areas.
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To address the profitability issue, Greer and Liao
undertake an analysis of profit on DoD contracts covering the
period 1963 through 1982. Two measures of profitability were
investigated: profit as a percentage of sales and profit as a
percentage of net worth. The specific investigation involved an
assessment of the relationship of contractor profitability %o

capacity utilization.

aate il G A s

Based on this investigation Greer and Liao conclude
that program managers have been akle to take advantage of the
bargairing power to buy goods at substantially lower profit
margins when capacity utilization is low. The returns earned by

contractors on DoD business are measurably lower than the returns

h on commercial hncinace Aurina nmerinde Af l1aw ~anae
on commercial businese gqurin 7 periods oI low Ccapsac

utilization. In addition, the authors note that the volatility
of returns is higher for DoD business, implying the risks are

viewed as being somewhat higher. :; e A

Greer and Liao then investigate the relationship E o

between savings achieved on prior competitive production programs @

E Tty

and capacity vtilization. In undertaking this investigation, the

authors employ savings on prior programs as identified by Science

Applications, Incorporated, and sector capacity utilization e

rates. These data are presented in Table B.7-1. '»} 1f3
|
1
o
{
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TABLE B.7-1
GREER AND LIAO
COMPETITIVE SAVINGS AND CAPACITY UTILIZATION

Annual

Percent Savings Average Capacity

Procurement or (Loss) Due Utilization During

Program to Competition Dual Source Phase
TOW 26.0 63.5
ROCKEYE Bomb 25.5 70.9
BULLPUP AGM-12B 18.7 76.2
SHILLELAGH Missile { 4.7) 87.0
SPARROW AIM-7F (25.0) g81.6
MK-46 Torpedo (30.9) 91.6
SIDEWINDER AIM-9D/G (71.3) 82.3

Greer and Liao use the data presented in Table B.7-1 to
perform a statistical investigation. Based on the results of this
investigation, they conciude that competit:ion produces greater
savings when firms are at low capacity; when industry is very active,
dual sourving is of little benafit as a cost reducer. This can be
readily seen by noting that the data shown in Table B.7~1 indicates a
net loss arising from competition when capacity vtilization is above

80.

Greer and lLiaoc use their detailed statistical review to
offer a model of the effect of capacity utilization on unit ccsts.
They suggest this model presents an improvement over the historic
producticn rate models. Their formulation is shown in equation

B.7~-1.

o
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where:

k, a, ¢, 4, £

Thaoa n
~e r

k 02 US M (EN (B.7-1)

average price for the buy

midpoint quantity associated with a
particular lot

smoothed utilization percentage for
the industry

dummy variable equal to 1 if the
buy was under dual source, zero
otherwise

dummy variable equal to 1 if the buy
was winner-take-all. zero otherwise

base of the natural logarithms

= parameters to be estimated

B.7-1 are presented in Appendix C. Of interest here is that

Greer and Liao did identify a downward price shift due to

competition, as evidenced by a statistically significant negative

coefficient for M and N.
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APPENDIX C

PROLUCTION RATE CONSIDERATIONS
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C PRODUCTICN RATE CONSIDERATIONS

The effect of production rate variations on unit cost is
a key variable in the assessment of production competition due to
the nature of the competitive split buy. Numerous studies of
production rate have been undertaken. This appendix summarizes

the results of recent studies that present alternative

formulations of the effect of production rate on unit cost. The

summarized efforts include works by the following:

. Large - el
T

] L. L. Smith o

™ Bemis jiliki::

] Bohn and Kratz ;_;_;;:

° C. H. Smith - 9

) Greer and Liao

® Womer ;

c.1 LARGE

Joseph P. lLarge, et al., "Productiorn Rate and
Production Cost,” Rand Corporation, R-1609-PAsE, .
Decemher 1974.

In 1974, Rand undertook a detailed statistical study of

the relatiorship between unit cost and production rate. This
effort employed linear regression techniques to investigate the
effect of production rate on manufacturing labor, materials,
tooling, engineering, and labor rate. The study was based upon

airframes, missiles, and aircraft engines. Based on this
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investigation, the authcrs concluded that the influence of
production rate could not be predicted with confidence. The
statistical analysis presented diverse results, requirinc
analysis of specific pfograms. The study identified overhead
costs as a signifi~ant determinant of the :ffect of production

rate on unit costs.

C.2 L. L. SMITH

Larry lLacross Smith, "An Investigation of Chanages in

Direct Labor Requirements Resulting from Changes in

Airframe Production Rate.”" PhD Dissertation, University

of Oregon, 1976.

In 1976, Smith attempted to incorporate production rate
considerations into the learning curve concept. Smith's
formulation expressed labor hours as a function of cumulative
quantity and production rate per period. The production rate
effect was expressed similarly to the learning curve. Smith

repcrted a significant improvement in estimating prior learning

curves as demonstrated by a reduction in mean squared error.

This seminal effort by Smith has sponsored several
investigations of the exponential form of the production rate

parameter including work by Bemis and Kratz.

C.3 BEMIS
J. C. Bemis, "A Model for Examining the Cost
Tmplications of Production Rate," CONCEPTS. The Journal
of Defense Systems Acquisition Manragement, Volume 4,
Number 2, Spring 1981.
Bemis expanded Smith's formulation to include total
recurring unit cost. Bemis expressed total recurring unit cost

Cc~2
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as a function of cumulative quantity and production rate per
period. The model parameters were est®azied by estimating lot
midpoints, taking logarithmic transfo .acions, and performing

multivariate linear regression.

The Bemis formulation presents several analytic
advantages. First, unlike the quadratic formulation of economic
theory, the formulation can be estimated with relative ease.
Second. the data necessary to estimate the model is readily

avallable to researchers and program managers.

The Bemis formulation can be expressed mathematically

as shown in equation C.3-1,

= B, C <
Pt = A Q. Ry (C.3-2)
where:
Pt = unit price in year t
Qt = cumulative quantity produced
through year ¢t
Rt = production r1ate in year t

Bemis es*.imated model parameters for 2Z systems using

multivariate and urnivariate linear regression. This was achieved

by estimating lot midpoints and trarsfcrming the equation into
its log-linear equivalent. The parameters identified %y Bemis
4

using this method are summarized in Table C.3-1. Bemis did not

identify the systems by name.
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TABLE C.3-1

BEMIS PRODUCTION RATE PARAMETERS

—
Multiple Regression Individual Regressions
Rate Quantity Rate Quantity
System R Slope Slope R Slope R Slope
Aircraft A .974 97.5 73.1 -.737 71.4 -.974 72.1
Aircraft B .948 {4) 77.2 -.923 7€.6 -.961 87.7
Aircraft C .995 79.5 87.3 -.958 68.5 -.936 76.0
Aircraft D .923 68.0 88.2 -.877 61.6 -.706 76.9
Aircraft E .997 67.2 30.5 -.996 56.7 -.992 67.8
Pircraft F .994 57.3 86.6 -.972 52.8 -.679 67.0
Aircraft G .999 8l.4 84.0 -.986 58.7 -.994 75.8
Aircraft H .971 91.4 74.4 -.B15 66.7 -.964 70.7
Aircraft I .999 (s) 86.3 -.972 80.0 -.999 87.7
Aircraft J .786 86.3 97.1 -.768 89.5 -.542 94.8
Helicopter .997 89.3 83.8 -.875 81.9 -.996 £3.1
Jet Engine A .984 92.0 75.0 -.652 74.6 -.971 72.6
Jet Engine B .988 89.5 71.4 -.477 76.3 -.970 69.8
Missile A .974 (6) 65.1 -.925 52.5 -.974 66.0
Missile B .873 (7) 82.3 -.463 84.2 -.851 85.4
Missile G&C .981 90.7 (1) -.820 89.4 +.684 (1)
Missile G&C .996 59.4 91.9 -.990 62.8 -.820 €0.0
Ordnance A .964 97.0 88.1 -.622 93.2 -.932 86.6
Oidnance B .078 (2} 97.8% +_ SRR (1) -.972 76.6
Radar A .990 88.8 93.1 -.902 86.0 -.7%5 87.7
Radar B .890 91.6 98.9 -.870 88.8 -.784 94.7
Tracked Veh .963 90.7 (2) -.867 88.7 +.700 (2)

Where R = correlation coefficient
(1)--(8) Slopes ygreater than 100%
C.4 BOHN AND KRATZ

Michal Bohn and Louis A. Kratz,

Rate Effects on Unit Costs,”" TASC,

January 1984.

"Analysis of Production
EM-228-WA,

Most recently Bohn and {ratz have presented a detailed

description of the production rate formulation employed by Kratz

and Cox in support of AMRAAM.

efforts of L.
formulations

The approach builds upon the

L. Smith and Bemis; however, it differs from prior

in two respects:

The concept incorporated increasing unit costs due
to increased production rates beyond a minimum
cost point, assuming a fixed plant.

C-4
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) Parameters for the model were estimated using
nonlinear techniques.

The Bohn and Kratz formulation places a limit on the
ability of a manufacturer to decrease unit costs through
production rate increases. The authors suggest that this
reflects defense procurement constraints, such as fixed
facilities, in the short run. The formulation is graphically

presented in Figure C.4-1.

LONG RN /
%

SHORT RUN e

UMNIT COST

i N
"

\
\\

Ro (2xR,-1)

PRODUCTION RATE

Figure C.4-1 Bohn and Kratz Production Rate Formulation

The formulation assumes the existence of a minimum cost
point, denoted RO in Figure C.4-1. The authors state the
RO rate is determined by a manufacturer prior to production.
They argue a manufacturer will arrive at this rate in an attempt

to minimize costs by considering facility limitations, capital

investment and manpower requirements, anticipated quantities and
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rates to be procured by the government, iund requirements
specified by the government. In developing the formulation, the
authors assume a given production technology, a given plant, and

a constant indirect cost structure.

The authors recognize that a contractor may adjust his
production process to increase capacity given a sufficient
planning horizon. However, they note that it is unlikely that a
contractor will expand or duplicate facilities based upon a
one-time increase in annual quantity. The risk involved and the
capital lead time associated with expanding a line would preclude
this. Bohn and Kratz note that in the short run a firm may
achieve surge by employing multiple shifts, hiring new workers,
and taxing capital eguipment. They arque that these actions tend
to raise unit costs. The authors also suggest that a sustained
production rate increase may lead to an expansion or dvplication
of the production line. Such an expansion could result in
production rate increases being achieved with no increase in unit
cost. Mathematically, the formulation is presented in equation

C.4-1.
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z = axBy€ (C.4-1)
Where: — -
g th °
Z = unit cost of the X item produced
A = constant (sometimes referred to as Tl
. or first unit cost)
. X = cumulative gquantity produced °
: B = exponent which describes the slope
* of ths quantity/cost curve
C = exponent which describes the slope of - p
the rate/cost curve ° L
R if R <R
| ¢ - £ %o
2 Ry - R if Ry < R < 2Ry = 1
- . e =y
R = production rate in effect for a -9
given lot
RO = minimum cost production rate assuming :
given facility B
J
The other area in which the formulation diifers from . 2 -4
prior efforts is in the estimation of model parameters. The :
:
authors present two limitations of the standard log-linear l
regression approach: .._!T_.1
® Bias associated with lot midpoint estimation ;
: <
® Multicollinearity between the rate and quantity ‘4
variable
-.Q~w1
To partially offset these limitations, the authors suggest a .
weighted least-squares estimation of the noniinear function based
on a generalization of Newtoun's method for finding the roots of ‘
- &
an equation. The authors estimate parameters for several missile .
programs using this approach. The results are summarized in T
Table C.4-1. :
-
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TABLE CT.4-1
BOHN AND KRATZ

PRODUCTION RATE PARAMETERS EVIDENCED ON PRIOR MISSILE PROGRAMS

Urit Cost
Unit Cost Production Rate
System Producer Improvement Rate Parameter
BASIC HAWK Raytheon 6.83 0.97
BULLPUP AGM-1:zB Martin 0.82 1.00
TOW Hughe:s 0.98 1.01
SIDEWINDER
AIM--9L Ford 0.91 0.73
Raytheon 0.87 0.85
SIDEWINDER
AIM-9B General Electric 0.99 0.82
STANDARD General Dynamics 0.80 0.96
MAVERICK Hughes 0.86 0.88
REDEYE General Dynamics 0.93 0.79
C.5 C. H. SMITH

efforts re

Charles H. Smith “Production Rate and Weapons Systems
Cost: Research KReview, Case Studies and Planning
Moael,” U.S. Army Procurement Research Office, Report
No. APRO-80-05, November 1980.

Smith presents a detailed review of prior research

lated to production rat: effecrts on unit cost. Based

on this review, Smith concludes that the exponential form is a

useful apprcach when sufficient historical data is available.

The author suggests that in the planning phases of a program, the

exponentia

fixed cost

1l apprcach may not be appropriate.

Smith develops a simple formulation that segregates

s from the nonrecurring production costs. The author

argues that amortization of firxed cost should be considered

distinct from otrer rate effects. The resvltant formulation is

s! own in equation C.5-1.
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M B (C.5-1)
Ct = b3 AQt + F
Q=K+1
Where:
C,. = total cost of production in year t

Qt = guantity produced in year t
A = recurring first unit cost
B = learning curve parameter

F = constant annual fixed costs allocable
to the program

As presented in equation C.5-1, t»e Smith formulation
expresses total production costs as a function of recurring and
fixed cost. This is an intuitively appealing approach and it
provides the program manager with a simple tool to be used ea-ly
in a program. In tune ear v phases of a program, the program
manager can use estimated tixed costs for the fixed cost
variable. The program manager should note the limitation of the

assumed constant fixed cost.

C.6 GREER AND LIAO

Willis R. Greer and Shu S. Liao, "Cost Analysis for

bual Source Weapons Procurement," Naval Postgraduate

Schocl, October 1983.

Greer and Liao present a detailed investigaticn of
production rate, capacity utilization, and unit price. Based on
a statistical investigation, they suggest the use of capacity
utilization rather than production rate as a predictor of unit

price. The Greer and Liaoc formulation is shown in equation

C.6-1.
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a ..c dM fN
F=kQ U e e (C.6~1)

I Where:
P = average price for the buy

Q = midpoint quantity associated with a
particul:r lot

I U = smoothed utilization percentage for
' the industry

M = dummy variable egual to 1 if the buy
was under dual source, zero
I otherwise

N = dummv variable equal to 1 if the
competition was winner-take-all,
zero otherwise

- unas

e = base of the natural logarithm

k, a, ¢, 4, £

parameters to be estimated

To identify the smoothed capacity utilization, Greer

wer T T AT

and Liao used a resistant time series smoother followed by a T

SRS

] Hanning running average. B
. T o
N .A.A <)

P . R
- e

Greer and Liao compare the performances of the 'ﬁ! N

3 - e
y RN
] traditicnal production rate models to the pzrformance of the new S
r R Y
3 T
formulation. The formulations are estimated using becth the mean : -:1

and median values of the data set. The results of the parameter ) .fj

. Y

estimation for the original producer of the system are shown in R

equation C.6-2. ._;'_:

—8

- . . i_ U

(C.6-2) :@i{;:q

Median values, P = kQ-0-278 U+1.250 e‘O.LOlM e-0.854N
-2

-0.260 __+1.765 -0.2¢1M -0.854N R
U e e .

Mean values, ) kQ
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Greer and Liao estimate that the parameter estimates
shown in eguation (.6-2 are statistically significant. They
interpret the results as an indicaticn that capacity utilization
directly affects unit price. Furthermore, the negative
coefficients nf the competition terms imply there is a downward

price shift when ccmpetition is introduced.

Greer and Liao zlso estimate model parameters for the
second producers; however, the capacity utilization parameter
estimate was not significant. 1In investigating the model form,
Greer and Liao included a production rate variable and found it

to be nonsignificant in all but one case.

c.7 WOMER
Norman Keith Womer, "An Automated Airframe Production
Cost Model," Proceedings of the 1983 Federal
Acquisition Research Symposium, Williamsburg, Virginia,
December 1533.
Womer presents a more detailed consideration of
production rate and a more complex formulation than those

employed in prior efforts. The formulation expresses airframe

labor hour costs as a function of the following:

® Worker learning through experience
® Worker learning through training

® Speed of the production line

° Length of the production line

Womer expresses these factors in an exponential

formulation that can be estimated using nonlinear least sguares.

c-11
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Model parameters estimated based upon the C-~141 demonstrate a
good fit with a reported R2 of 0.69. Womer's formulation
represents more of the realities asscciated with manufactu ing
than other formulations; however, the data requirements are
extensive. Release dates, delivery dates, man-hours per
aircraft, and other manufacturing data must be used to apply the

model.
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APPENDIX D

PROGRESS CURVES




D PROGRESS CURVES

Recurring production costs for defense weapon systems
often are estimated using a progress or learning curve. The
economic ana'ysis presented in Chapter Four of this handbook
employs progress curves to represent unit prices in a competitive
environment. The purpose of this appendi» is to provide the
prog-ram manager with a more detailed discussion of the progress

curve concept. This appendix presents the follewing:

] An introduction to progress curves
) Alternative formulations of the progress curve
° Unit progress curve formulation N
e Use of the unit progress curve in prcduction S
comnetition analyses R
- ., .!.._‘_.‘.1
D.1 AN INTRODUCTION TO PROGRESS CURVES ]
T
The learning curve was first formulated by T.P. Wright .
in 1936 using airframe manufacturing experience.1 In its ’ -
most basic form, the learning curve reflects a reduction in -
71
reguired labor hours as cunulative production quantity increases, \
-
The convention used is to cite ithe percent reductior in required s
labor hours based on a doubling of the cumulative production B
gquantity. This reduction is attributed to workers' "learning" or R
x__gi_l
experience. o
o o
®
~ r‘._J
‘r. p. Wright, "Factors Affecting the Cost of e 1

Airplanes," Journal of Aeronautical Science. 3, 122-128, 1936. T
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In recent years, this basic formulation has been
expanded by several authors.2 The learning curve has been
developed to incorpoarate othz2r recurring costs associated with
production. It has been observed that the recurring costs of
production follow a pattern similar to that of labor hours; that
is, an increase in cumulative quantity leads to a reduction in
unit cost. For example, 1f production unit number 1,000 of a
missile program costs $500,000 and the progress curve is 80
percent, one would predict unit number 2,000 to cost 80 percent
of $500,000 or $400,000. This developinent has led different

authors tc uvse different terms, sometimes interchangeably, when

discussing learning curves. Often used terms include "progress

T TR T T T

Dt gl 2 A
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curve," "cost improvement curve,” and "experience curve." A
typical progrece curve is shown in Figure D.1-1. -—;~—;
- ~e —?
100 .:
' 9
-
-
n w_!um1
o .
- R
Z
>
-— ,ﬁ..ﬂ
50 100 : .
QUANTITY o]
-®
Figure D.1-1 Progress Curve .?
o y
. 1
2 . . 1
See for example, Perspectives on Experience, _. 1

Boston Consulting Group, 1968.
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The term "progress curve" is used in this handbook to distinguish
it from the learning curve. The latter implies reductions in
laktor hours due to worker learning. The progress curve includes
all recurring cests, amortized capital cost, overhead, and
profit. Thus, the progress curve presents the unit cost to the

government (or contractor price).

It is important to note that the progress curve is
descriptive in nature, not explanatory. The concept was
developed using historical experience and empirical cost and
quantity data. Empirical and theoretical studies have been
undertaken recently to identify determinants of the progress
curve. These studies have 1dentified several factors, including
thz following:

e Increase in supervisory and employee familiarity
with production methods

. Improvements in the production methods employed

° Improvements in fixtures, tooling, and machinery -y ‘

° Development of more effcient handling and '
materials movement systems

s Overt management action such as product redesign

] Material substitution -

° Shared production experience with similar

production activities

® Reductions in scrap and waste




D.2 ALTERNATIVE FORMULATIONS OF THE PROGRESS CURVE

Two formulations of the progress curve have been used
by DoD analysts: the cumulative average curve and the unit
curve. The cumulative average curve formulation assumes that
cumulative average costs decline by a constant percentage as the
cumulative gquantity of units produced increases. The unit curve
assumes that the unit cost required toc produce a specific unit
declines by a constant percentage each time the cumulative
quantity increases. In general use, the two forms are equivalent
and the selection of one formulation over the other is determined
by tne particular analyst's needs, such as having a requirement

for ease of computation.

The cumalative averadge curve formulation assumes that
the cumulative average cost declines by a constant percentage as
the cumulative quantity of units produced doubles. This can be

mathematically presented as shown in equation D.2-1.

= B -
CN = A N (D.2-1)
where:
CN = the cumulatigﬁ average cost at
at the N uriit
A = a constant defined as the first
unit cost
N = the number of completed units
B = an exponent of cost reduction defined

as the in (progress rate}/1n(2)
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The urit progress curve formulation assumes that the
unit cost required to complete a specific unit declines by a
constant percentage each time the cumulative quantity completed d 7
doubles. This can be mathematically presented as in equation -“;f ;]
D.2-~2. S
D e
. )
1
Y, = aN® (D.2-2) R
N : 3
where:
e .
Yg = the unit cost of the N™ unit ® {
A = a constant defined as the first-unit cost
N = the number of completed units : ]
B = the exponent of cost reduction defined v ol
as the 1ln (progress rate}/In{2). Progress -
curve exponunt values are provided on . ‘;*_i
page D-11. R
= )
Although the two formulations are similar in notation, o~
they present different cost relationships. The cumulative o
average formulation presents an average cost up to a given unit
- |
that is weighted by the cost of all prior units. The unit -
1
formulation presents a unit cost that is not influenced by the }
cost of prior units. k
- -. -
D.3 SELECTING A FORMULATION :
e

The two formulations of the progress curve, although

similar, present different characteristics. The selection of one

formulation over another is determined by the needs and




requirements of the analyst.. The cumulative average curve is

used by some cost analysts, because of its ease of computation.

Although the unit curve 1s more cumbersome
mathematically, this formulation is used by many analysts in
assessing the costs and benefits of competition. This approach
is used because it more readily reveals the dynamic aspects of
the effect of competition on ccst behavior in historical
programs. By its nature, a cumulative average curve tends to
mask changing cost behavior due to competition because the
cumulative average cost of the cowmpetitive units is influenced by
the costs of the prior noncompetitive units. This can be clearly

seen in Figure D.3--1.

COST

CUMULATIVE AVERAGE CURVE
/

POT OF
COWPETITION

QUANTITY
Figure D.3-1 Shift and Rotation Using Unit and

Cumulative Average Curves
As shown in Figure D.3~1, the substantial shift and
rotation of the unit curve manifest themselves as a slight rotation
of the cumulative average curve. Attempting to fit a cumulative
average ~—urve through such data would tend to lessen the observed

effects of competition.




By transferring the progress curves into their log-
' linear form, one can see the rotation of the cumulative average

curve as shown in Figure D.3-2.

: -
P CUMULATIVE AVERAGE _UAVE
/
| . £
. b uNIT CuRVE \
\ S ~
| : ~
o ,
F -
POINT OF
CIMPE T TION
LOG QUANTITY —
= ) . . . -®
Figqure D.3-2 Shift and Rotation, Unit and ]
Cunulative Average Log-Linear Presentation ]
D.4 THE UNIT PROGRESS CURVE FORMULATION V 4
—
— L
The unit progress curve formulation presents the cost ,j
. oi each unit in a particular production run. Thus, the total 'f[
E cost of a production run can be estimated by summing up all of . : }
-9
3 the inaividual unit costs. The unit cost progress curve B
r . . ) .
F formulation is given by equation D.4-1.
L B .
Z =AX (D.4-1) ]
1
Where: ]
Z = unit cost of the item number X ‘
-8 .
A = first unit cost
X = cumulative quantity produced
B = exponent which describes the slope o

of the progress curve, defined -
as the 1ln (progress rate)/1n(2)

Progress curve exponent vilues are

provided on padge D-11.
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The single source cost can be estimated by summing up
all individual unit costs associated with a given production run.

This is summarized in equation D.4-2, assuming N units produced.

Total Cost

1)
N
4

..... + 2 (D.4-2)

1)
>
—
+

g
N
+

>
(V9
+
+

>
z

)
>
P—l
+
N
+
W
+
P4

Equation D.4-2 adds the unit costs of all units produced from
unit number K to unit number N. The total number of units
produced is N-K+1. For example, if one were interested in
estimated costs of the total production quantity, K wouid be 1
and N+1 would be the total number produced. If one were
interested in estimating the cost of a particular lot, K would be
the number of the first unit in the lot and N would be the number
of the last unit. Combining equations D.4-1 and D.4-2 and

calculating the total cost from unit K through N yields:

Total Cost = A[KB + (K + l)B + ... 4 NB] (D.4-3)
X=N
= 3 amx®
¥X=K

The program manager could calculate the total costs for
any number of units, then repeat the process for a different
production lot, also for any anumber of units. However, this
process would be laborious and time consuming, even if the
equations were computer based. Fortunately, the program manager
can simplify the compntations by noting that the progress curve

n-g8




is a continuous function. Thus, the area under the curve is the
total rost for a given number of units producel, as illustrated

by Figure D.4-1.

>

UNIT PRICE

CUMULATIVE QUANTITY

Figure D.4-1 Recurring Production Costs

As the number of units produced increases, the unit
cost declines, based upon the progress curve formulation. The S ]

unit-cost curve is derived from eguation D.4-1, based upon the

'@

progress exponent, B. The curve crosses the vertical axis at
point A, the first-unit cost. The total cost of producing N-K+1 t.*[ﬂi
units is the shaded area, which shows the cost curve from unit

to unit N,

PPN

Using this approach, the total cost may be found by
using integral calculus “c estimate the shaded area. The general
equation is easy to use and provides a good approximation of the

D-9




cost that would be obtained by performing a unit-by-unit
calculation. The integral equation is shown in equation D.4-4.

.r,{ Ay (D.4-4)
K

A B+1 B+1
B+1 [N - K ]

the cost of producing all units
from K through N. Thus, the total
units produced in a lot = N - K + 1.

[}

C(K,N)

[]

where: C(K,N)

A = first unit cost

B = ln{progress rate})/1ln(2)

To illustrate equation D.4-4, assume that first-unit
cost 1s $10,000 and the progress rate is 90 percent. The cost of
the third production lot, which begins at unit 155 (=#K) and
imated a&as shown in

equation D.4-5.

c(1ss,210) = 319,080 [210"”8 - 155'843]

1

$11,792 [93.16 - 72.01]

$249,401

A total of 56 units are produced (N-K+1 = 56) at an average price
of $54,454. The substantial decline in price from the first unit
price of $10,000 is due to the progress function. In fact, the
final unit price (N=210) would be as shown in equation D.4-6.

.152

C(210) §10,C00 (21v)° (D.4-6)

$ 4,436

]
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To assist the program manager in calculating recurring
costs using the progress curve, Table D.4-1 presents the

exponent values (B) associated with common progress curve

B | 7 B

L N

rates.
TABLE D.4-1
PROGRESS CURVE EXPONENTS
Progress Curve Exponent (B)
95% -.074
90 -.152
85 -.234
80 -.322
75 -.415
70 -.51%
65 -.621
. N
ml_.j
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E EXAMPLE ECONOMIC ANALYSIS

The econoinic analysis of production competition
discussed in Chapter Four is illustrated in this appendix. The
example will rely upon the net present value method tc emphasize
the interaction of the variables and to highlight the use of

sensitivity analysis.

E.1l SINGLE SOURCE RECURRING PRODUCTION COSTS

This example involves a major tactical missile program.
Based on ccntractor and historical data, a first unit cost of

enen
L v

NN T -
~ v

,30C in constan
progress curve, including profit and overhead, is projected to be
0.88. A production rate curve of 0.25 has been identified based
upon a should-cost study. 2 total buy of 12,000 missiles is
anticipated to begin in FY86, according to the production

schiedule presented in Table E.1-1.

TABLE E.1-1
TACTICAL MISSILE PRODUCTION SCHEDUIE

Fiscal Year 86 87 88 89 90 91 Total
Quantity 500 1,000 1,%00 |3,000 '3,000 13,000 12,000
E-1
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Single source recurring production costs by lot are estimated

using the progress curve forwulation presentea in equation E.l-1.

C (K,N) = oo [NB"I - KB”] r® (E.1-1)

where:

C(K,N) = the recurring prcduction cost of
all units from K through N

A = first unit cost = $750,000

B = 1ln(progress curve ratej/ln(2) =
In(88)/1n(2) = —-.184

R = production rate per period =
annual prccurement quantity

C = In(production rate parameter)/
1In2 = In{(.95)/1n(2) = -.074

Notice that the rate facter (eC) ig treated as a parameter in

that it takes the same form in the total cost curve above as it
dees in the unit cost curve equation. The rate, R, assumes a
fixed value for a particular period. For example, the single
source cost for the first lot can be calculated as shown in

equation E.1l-1.



The recurring production costs associated with each lot
are pregented in Table E.1-2.

‘CTABLE E.1-2
ESTIMATED SINGLE SOURCE RECURRING PRODUCTICN COST

Recurring Cost
Fiscal in Millions of
Year Quantity FY86 Dollars
86 500 93.5
87 10060 133.4
88 1500 163.2
89 3000 273.0
90 3000 248.0
91 3000 232.¢
Total 12000 1143.7
L - z
E.2 NONRECURRING COSTS i
A total neonrecurring investment of 65 million constant ;Q"T_

FY86 dollars is estimated based upon anticipated tooling

requirements and equipment complexity. These costs include:

contractor research and development, technology transfer, _
producticri qualification of the second source, additional capital

and test equipment, and additional government managemenrt. These

costs are incurred as $10 million in FY¥85, $25 million :n FY86, LI

and $30 million in FY87.
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E.3 COMPETITIVE RECURRING PRODUCTION COSTS

It is anticipated that the second source will be

awarded directed buys in FY87 and FY88. Ccmpcotitive awards will

begin in FY89.

A €60/40 split is assumed. The following progress

curve characteristics also are assumed:

First unit cost for both the first and second
source equals $750,000.

An original progress rate of 0.88 for the first
source.

A proyress rate of 0.84 for the second source (5%
steeper).

A ten percent shift and an eight percent rotation
of the developer's progress curve at the beginning
of competitive awards.

A 0.95 production rate curve for both producers.

’—'!b“.?
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Table E.3-1 presents the competitive production

schedule.
TABLE E.3-1
COMPETITIVE PRODUCTION SCHEDULE
Fiscal Quantity
Year :
Developer Second Source
86 500 0
87 70C 300
88 300 600
_1
89 ( 3000
&0 /40
split )
90 3000
)
91 ( 3000
Total 12000

The program manager must estimate the cost of both
producers. The first step would be to estimate the costs of the
directed buys (FY86 to FY¥86) using equacion E.1-1. For example,

the cost of the second source initial lot would be calculated as

shown in equation E.3-1.
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(E.3-1)
c(1,300)

%‘5)00— [300'75 - 1'75] (300)70-73

]

(71.1) (.67)

47.6 Million

h

The cost of the first and second source directed buys
can be summed to yield total lot cost per fiscal year. The
program manager then must estimate the cost under competition.
The initial producer's cost can be estimated using the
competitive production progress curve. That 1is the original
producer's curve follawing the shift and rotation. The second
source's cost can be estimated by continuing down the stated

progress curve.

The issue the program manager must face is the
production guantities to be awarded to the two contractors. The
program manager cannot presume a winner of the competition; thus,
the quantities awarded to the contractors cannot be identified
and costs zannot be calculated. It is suggested that the program
manager identify a "probable" winner based on the stated
assumptions. This can be accomplished by comparing the average
lot cost of both competitors for the larger portion. The low
cost producer would be identified as the winner. The sensitivity
of the competition outcome toc changes in the "probable” winner
can be investigated by altering the assumptions concerning the

second source progress rate and the initial producer's shift and

rotation. This method maintains a consistent pattern for
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sensitivity analysis and ensures the economic analysis remains

internally consistent.

A summary of recurring competitive production costs for

the stated example are presented in Table E.3-2.

TABLE E.3-2
RECURRING COMPETITIVE PRODUCTION COSTS

Fiscal Quantity Recurring Cost ir
Year Millions of
Developer Second Source FY86 Dollars
86 500 0 $3.5 Ceath
g7 700 200 143.4 R
—d
-
88 900 6090 165.7 R
89 3000 234.9
! 60/40 ‘_._-!,__q
; 90 split 3000 202.1 :
91 3000 184.2
. S
Total 12000 1023.8 ‘
Csiawated recurring cost savings can be obtained by o
-8
comparing the annual single source and competitive costs. For i;iiiii
RRRRE
the stated example, these savings are shown in Table E.3~3. S
RN
e . 1
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PROJECTED RECURRING PRODUCTION COST SAVINGS

TABLE E.3-3

Millions of FY86 Dollars

Fiscal Quantity Single Competitive Potential
Year Source Cost Cost Savings
- 86 500 93.5 93.5 -——

87 1000 133.4 143.4 -10.0

88 1500 163.2 165.7 -2.5

89 3000 273.0 234.9 38.1

90 3060 248.0 202.1 45.9

91 3600 232.6 184.2 48 .4
Total 12000 1143.7 1023.8 115.5
E.4 GOVERNMENT ADMINISTRATIVE COSTS

In addition to contractor production costs, the

program manager must consider additional government management

and administretion costs associated with competitive producticn.

These include additional perscnnel and facilities to conduct

solicitation,

follow-on lot acceptance tes

two contractors.

selection and award of competitive contracnts,

For this example, additional government

, and the continuing management of

management costs during production are estimated tc be $0.5

miilicn per year.

No additiona. support costs are assumed.




E.S5 INTEGRATION OF COST ELEMENTS

The program manager must integrate the various
cost elements in order to make an investment dec.sion. In
reaching this decision, the program manaqger is reminded of the
importance of discounting future costs and benefits. For
convenience the net present value formul 'tion applicable to

production competition is shown again in equation E.S5-1.

NPV = Present value of cost reduction -
present value of nonrecurring costs (E.5-1)
CR, NR.
NPV = : ~—.l_._. - ._-l—_l_?
(i+r)?t Z(i+r)l

where: NPV = net present value of competition

investment —
. e
CR = pet cost reductions due to competitive
production in year i
NR = nonrecurring costs incurred due to
competitive production in year i .
-9
R = discount rate, set at 10 percent
The formulation presented in equation E.5-1 yields the
disceounted net present value of production competition for a L.
particular program. The example costs and benefits expressed in
constant dollars should be discounted back to fiscal year 1985,
the first year of investment. Discounted nonrecurring costs are - o

shown in Table E.5-1.




TASLE E.5-1
D1SCOUNTED NON-RECURRING COSTS

riscal Millions of Dollars
Year Constant FY86 Discounted
85 10.0 10.0
86 2y 0 22.7
87 30.0 24.7
Total 65.0 57.4

The ret potential recurring savings associated with
production competition can be obtained by subtracting additional
recurring government management costs from the potential
production savings ideantified in Table E.3-3., This process and
the discounted net potential recurring savings are presented in

Table E.5-2.
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TABLE E.5-2
DISCOUNTED POTENTIAL SAVINGS

Fiscal Met Savings in Milliouns of Dollars Discounted
A Year Constant FY86
86 .- --- ]
3
E 87 -10.5 -8.7 Ce
98 -3.0 -2.3 . -
[ g
. 89 37.6 23.7
= o]
[' 90 45.4 2¢.2 -9
91 47.9 27.1 SN
- _ L - .i
: .
Total 117.4 70.0 .

? As shown in Tables E.5-1 and E.S-2 the discounted costs _.'__:

s anc¢ benefits of production competition are $57.4 million and ;f;;ij

. $70.0 mirllion respectively. Th's indicates a nat present value '?ﬁ}fw

L of $12.6 million. _.l_._.-_.
Discountinag futvre ccsts and benefits is an important

?! management tool tha*% enables the prcgram manager t.o assess the -e

effect of production competition while taking account of the time

E-11]




value of money. Equally important is the effect of producticn
competition on then year (or budget year) dollars. Table E.5-3
presents single source recurring production costs and total
competitive production costs in then year, constant, and
discounted dcllars. A constant six percent inflation rate was
used to calculate then jyear dollars.

TABLE E.5-3
2OTENTIAL SAVINGS

Miilions of Dollars ek
Froduction T -4~;“*4
RAppcoach Discounted Cuonstant FYB6 Tuen Year T Y
; (from constant P
' FY86) o
— — iA.’-f'-
- - ) N
Single Source 785.6 1143.7 1371.5 B
Competitive 775.0 1091.8 1285.2 ;;
e =
otential lvf.7;~}
Sevings 12.6 51.8 86.3 ’ o
[ ]
N N
E.6 SENSITIVITY ANALYSIS A
: x
Anaiyses are conducted to investigate the = —E“—ﬁ
!
sensitivity of the net present value calculations to changes in %
key assumptions. This is accomplished by altering the various ]
-8
E-12 '




assumptions one at a time. In regard to producticn competition,

the key assumptions are the folloving:

® Total planned quantity

° Initial pregress curve

® Shift and rotation parameters

° Year of the first competitive award (or point in

the production cycle)

The relationship between these factors and the
production competition decision are discussed and illustrated

using the example tactical missile.

Total Quantity

This sensitivity investigation can be characterized as
8 break-even analysis. By analyzing cumulative single source
recurrina cost, cumulative competitive recurring cost, and
nonrecurring investment, the prograr manager can identify the
break-even guantity. This quantity is the cross-over point of
the single source cust curve and competitive cost curve shown in

Ficure E.6-1,
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Quantity increases beyond the break-even point enhance the i !
A
attractiveness of competitive production. If total guantity is o )
]
expected to be reduced to, or below, the break-even quantity, T
caution should be exercised. This is particularly true for major 3
subsystem programs, whose total guantities are determined by S
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Progress Curve

Prior to production, the progress curve for the
tactical missile was estimated based upon DoD experience with
similar systems and contractor data. Theretore, the sensitivity
of the competition decision to changes in the projected progress

curve should be investigated,

Pr.or empirical studies have demonstrated that greater
recurring cost savings are associated with fiatter initial
progress curves. This is shown in Figure E.6-2. The single

source progress curve is also thz assumed initial progress curve

fo- the developer. 2ll other parameters remain unchangad.
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Figure E.6-2 The Sensitivity of Recurring Costs to Initial

Progress Curve

Figure E.6-2 demonstrates the sensitivity of the
production competition decision to changes in the assumed single
source progress curve. Another significant factor 1s the assumed
second source progress curve. The empirical evidence indicates a
wide variation in steepness for tactical missiles. In addition,
this steeper curve is taken as an assumption, rather than being
estimated from prior data. Therefore, sensitivity analysis is

particularly impo-tant.

M
i

16




A e e T

sl eTrTrT T Y
[-. DA AR LA R e & e T T T T

As expected, the steeper the second source progress
curve is, the gregter is the potential savings due to competitive

production. This is shown graphically in Figure E.6-3.
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Figure E.6-3 The Sensitivity of Recurring Cost to Second RS
Source Progress Curve " e 3

Shift and Rotation ;ﬂ;:;éﬂ

Sensitivity analyses on the shift and rotation
parameters are important due to the dispersicn and limitaticns of

this historical data. The greater the assumed shift or rotation,

the greater wculd be the potential savings. More detailed

analysis is necessary to identify the minimum shift and rotation
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necessary to balance the costs of establishing the competitive

source.

If the required break~even shift and rotation
parameters are beyond the historically observed range, production
competition may not be economically beneficial. If potential
savings are projected even when using conservative assumptions,

production competition may be promising.

Figure E.6-3 presents recurring competitive production
costs for changing shift and rotation paramet2rs, again based
upon the prior example. The curve lakeled "ROTATION" presents
competitive production costs using various rotations and assuming
a constant shift o1 te~ percent. Similarly, the curve labeled

"SHIPT" presents competitive production costs using various shift

values andéd agsuming a constant rotation of eight percent.

.



I Y Y T W e v v — e v
e O P T e T A e T

3200 +

2000

— VARIATION iN SHIFT
‘Q ASSUMING A CONSTANT
7 \\\\ 8 % ROTATION

\\
1000 1 y ARIATION IN ROTATION ~Z.
ASSUMING A CONSTANT
10 % SHIFT

MILLIONS OF FY 86 DOLLARS

5.0 75 100 125 150
PcRCENT
Figure E.6-4 The Sensitivity of Competitive Recurring

Cust to Shift and Rotation

Figure F.6-4 illustrates that, for the example,
reasonable assumptions concerning shift and rotation lead to

potential savings due to coumpeiitive production, Y

First Competitive Award

The timing of the first competitive award is a critical
decision variable for any production competition program due to
its direct relationship to the selection of a technology transfer
method and break-even analysis. Prior analyses have established

that greater potential savings can be obtained by initiating

E-19 —




ccmpetitive awards earlier in the production program. The
ability of the program manager to conduct early competitive
awards is largely a function of the technique used to effect
technology transfer. For example, a TDP techhique may enable
competitive awards to begin in the fourth year of producvion. By
initiating technology transfer during FSD, through teaminy or a
leader-follower approach, the pregram manager may be able to
achieve competitive production awards in the second or third year

of production.

Early competitive awards may be difficulit to achieve,
since early second source involvement may be precluded by
constrained near-term funding. 1In such a situation, the program
manager must identify the break-even peint., If second source
aevelopment and competitive production must be delayed, the point -;:ﬁjﬁliﬁ
at which competition is no longer economically viable should be ;f?ﬁﬁsi}:

identified. For example, if effective technology transfer cannot F?*ffiu

.

be achieved until the fifth year in production, competition may

not be economically attractive.

Figure E.6-5 presents the sensitivity of recurring
competitive production costs to the timing of the first
competitive award. As shown, recurring competitive production

costs increase as the initial competitive award is delayed.




<+

/

\

SINGLE . . COMPETITIVE

SOURCE PRODUCTION
cost

2000 -~

1000+

MILLIONS OF FY 86 DOLLARS

+— | —t —t +— +— e
4 e

INITIAL. YEAR OF PRODUCTION COMPETITION

b

Figure E.6-5 The Timing of Competition




| APPENDIX F

OFPP POLICY LETTER 84-2

m!
a

IL

e

oy
|




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON. D.C. 20203

OFFICE OF FEDRRAL

PROCUAREMENT

roLICY FEB 2 7 w84
TOHEADS OF EXECUTIV P.\RTMF.;-ES z:o EST:‘\BLISHNENTS
FROM: CD E. 30
SUBIECT: Pdlicy Letter or Noncompetitive Frocurement Procedures

The attached palicy letter implements the President's August 11, 1933
memorandum (attached) requiring the issuance of policy direction to restrict the
use of noncompetitive procurement procedures. This palicy is an essential element
of the President's Reform ‘88 Management Improvement Program and wiil help
agency heads to assure that competition is the preferred method of procirement.
In addition to establishing a finite list of circumstances under which o
nohcompetitive procurements must be justified, the palicy letter requires that the )
procurement regulatory agencies (DOD, GSA & NASA) publish tight controls over ’ :
noncompetitive procurements in the Federal Acquisition Regulation and that the ,
Agzncy Senior Procuwrement Executive estabiish internai procedures ior review and T
approvai of the justifications for noncompetitive procurements, =

In addition to these controls, the Federal Procurement Data System will be
amended for the pupose of coilecting irformation on the use of each of these
circumstances to justify a noncompetitive contract. Uniform data collection on .
the extent of noncompetitive procurements and thes reasons therefor will both help i ' *
to control excessive noncompetitive awards and promote an understanding of the , )
need for and extent of valid noncompetitive procurements. ]

The Office of the United States Trade Representative expressed concern that the D
implementation of this policy letter be in compliance with the Trade Agreements B 1
Act of 1979. Representatives from DOD, G5A, NASA and the USTR met at OFPP
where the intent of this policy letter was explained in detail. In resporse to the
concerns of the USTR, the proasrement reguistory agencies shall assue that the
requiremeants of the Trade Agreements Act ol 1979 and Executive Order 12260 are
incorporated in the implementation of this policy letter in the FAR. In developing
such implementation the regulatory agendes should work with the Otfice of the : :
United States Trade Representative to assure accomplishment of this objective. e

A "Competition in Centracting Act" is pending which addresses the same subject as
this policy letter. Pending enactment of any such legisiation, this policy letter o
establishes the Administratici's paicy on noncomnpetiiive procurement procedures. R

Attachment - -9




EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT AND BUDGKT
WASMINGTON, D.C. 20803

FEB 2 7 mgq

OFFP POLICY LETTER NO. 84-.
TO THE HEADS OF EXECUTIVE DEPARTMENTS ANDESTABLISHMENTS

Scubiect: Nonoompetitive Procwement Proce4ures

i. Purpose. The purpose of this Policy Letter is to establish wunifon.
restrictions on the wse of noncompetitive procurament procedures.

2. Background. Both the Armed Services Procurement Act (ASPA) and the
Federal Property and Administrative Services Act (FPASA) require that
procurements be competitive to the maximumn prscticable extent. However,
approximateiy one-third of procurement dollars today ($36B in FY' 83) are awarded
without obtaining competition (This does not indude procurements reported as
"tollow-on after competition" $3IB in FY '83.) One of the principal goals of the
Administration's Proposal for a Uniform Federal Procurement Systermn, submitted to
Congress on February 28, 1982, Is W increse cumpeiitive procwranents where
practicable., Executive Order 12352, Federal Procwwement Refoimns, March 17,
1982, also highlights enhancing competition and limiting noncompetitive
procurement actions as kay elements of procurement reform.

In ts memnorandum of August 11, 1983 to the Heads of Executive Departments and
Agencies (attached), President Reagan d.ected that competition be given
preference in agency buying programs., He also directed the Administrator for
Federal Procuwement Fdlicy to issue a formal policy directive establishing
Government-wide restrictions on the use of noncompetitive procuwement.

It.is imporrant that we obtain the benefits of competition -~ eoonemic,
technadlogizal and managerial — to the maximun practicable extent. This palicy
letter focuses existing agency direction more effectively and requires procurersent
officals to take greater advantage of competitive opportunities.

Although the primary purpose of this policy letter is to establish controls on the
we of noncompetitve procurement procedures, the heads of execuve
departments and agencies should also 1) comninicate to deparunent or agency
program and procuremnent personne!l a strang commitment to competgtion; 2)
promote advance procurement planning, market research and early communication
between program and procwement personnel to identify opportunites for
competiticn early in the acquisition cycle; 3) strictly enforce the requirement for
complete justification of noncompetitive procurements and careful scrutiny by
review officals &) tale reasonable steps, where competition is impracticable, to
femove or overcame barriers to competition for subsequent peocuremants; 3)
provide appropriate training and 6) use data systems to track noncompetitive
procurements and progress toward increasing comnetition.
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& A Bdicy.

a. For proaxements o moperty of iefvices over the wnall parchase
celling, competitive procedures shali be w=d unless one or more of the
idllowing circumstances require the use of noncompetitive proordures:*

-] (1) The property or service needed by the Goverament s svailable
- from only o sowrce ardd there i3 no competitive &lternative nor
can conipetitive alternatives be deweloped in time to satisfy the

requiraments o the Guverignent.

(2 The property or service needed by the Government is wguntly
required under uwiusual and compelling Grcumstances, caused by
other than a lack of advence planning o funding concerns.

%]

(3)  Anaward must be made to & specified sowrce or sources —

4) when it is recessary to (A) mairtain a facility, producer,
L manuacticer, or other supplier available for fu-rs'shin§
property or services in case of & nationsl emergency, (B
achizve industrinl mobilization in the case of such an
emergency, or (C) maintain an essential research capability
to be provided by an educationa! or other nonprofit

i imtitution or a Federaily Funded Research and Deveicaonent -94—*
: center; - e
]
(i) to establish or maimain an altenative sowcee which will s
likely increase or maintain competition and will Jikely res:ét R
in lower overal! cost o the Gowrnment: -
. -9
;H (iii) for follow-oun procurements, ‘n order t0 avoid (A substantiai D

duplication of cost tc the Government for the propesty or

e service being procwred, which ca~wot be expected o be

recovered tarough competition or (B} unacceptabie delays in
asccomplishing the agency's mission objectives;

() The contract to be awarded results from azceptance of a bona
fide ursdlicited proposal that meeis the requirements set forth in
1.3. below and that demenetrates a unique or inovative tonRcept

celing . 23 not mean that small pwrchases need not be competitve. It is expected
that the FAR will continue to require competition and justification of
noncompetitive snall puchases above & minimun doillar amount that i

.
¥The & Tication of this policy letier to procuwrements above the small purchase i
administratively cocst effect!ve. —l--;-:




which fills ¢ requirement ur general mission need of the
Government (the term "unsolicited proposal” means a proposal
that is submitted tc a Federal department or agency on the
initiative of the sutenitter for the purpose of obtaining a contract
with the LS. Government, and which is not in resporse to a
formal or informal request (other than a departmentai request
constituting 8 publiczed general staternent af need ir areas of
sGence and techislogy-based research and development that are
of interest o the department)).

(5 A specific sowoe is required by imernational agreement or for
directed procurements for foreign governmants,

(6) The property or service is autherized or required by statute to be
obtained from or through another Fedcetral agency, or required by
statute to be chiained from a specified souwrcs,

(7) Disclosure of the property or service needed by the Government
to more than one sowrce would jeopardize the national security.

Justification f& & noncompetitive procuerment which does not fall
under any of the circumstarces !isted in 3a. above, shall be reviewed
and approved by the Department or Agency Senior Frocwemem
Executive and may not be delegated.

Regulations ard procedures to ensure  that  noncompetitive
procurements awarded vnder the circurmstances jisted in l.a. above are
tightly ocntrolled shall be published in the Federal Acquisition
Regudation (FAR]). The contracting afficer shall justify, in writing the
proposed use of noncompetitive procurement procedures and shail
ensure that the :rdarrnation has been certitied as accurate by the
requining activity, The justification shal! be retained in the contract
fle. In acrordance with P.l. 98-72 and regulatory directcn in the
FAR, the Agency Senix Protwament Executiwe (equire¢ by E.O.
12352 ard P.L. $8-191) shall ostablish procedures for review and
approval of such justifications,

Falowing reguatory direction in the FAR ai¢ the requirements of
P.l. 98-72, the Agency Senicr Procurement Executive shal estabiish
procedures to asswre that contract award under circumsiance J.adb)
reauit “rom bona lide ursulicited proposals and that such proposals ace
noi the resut of actions by Gowe.nment personnel which circumvent
the ‘tequirement to effect competition to the maximum extent
practicabde. (This i3 not intended "o prevent "advance guidaiice” such
as that presently contained in FAR | 5.5 or broad agency aniwuncements
oconstituting general statements of need in areas of scisne and
technoiogy based rescarch and development that are of interest to the
agencyl)
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e. The axtension of a manigement and operating contract shall be
awarded in accordance with FAR 17.6.

This additional attention tc noncompetitive procuroments will further the
impiementation of Executive Order 12352 as part of the procuwement relorms
buing carried out in accordance with Reform 83 and the Administrstion’s Proposal
for a Uniform Federal Procuremaent System. It is important to note that the
policies contained in this Palicy Letter are not intended to adversely affect such
cangressionally-mandated programs as those dealing with small, minority and
disadvantaged businesses, s:nall business innovation research, of such Presidential
initatives as those dealing with the establishment of minority businass goals.

4. Eifective Date. This policy will be etfective when implemented in the
Federal Acqusinion Reguation (FAR). The Department of Defense, the General
Services Administration and the Nationai Aeronautics and Space Administration
shall ensure that this policy is implamentead in the FAR no later than 120 days alter
the date of this policy directive.
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THE WHITE HOUSE

WASKINGTON

August 11, 1983

MEMORANDUM FOR THE HEADS OF DEPARTMENTS AND AGENCIES

SUBJECT: Competition in Fedesal Procurement

Competition is fundamental to our free entarprise system. It
is the single most important source of innovation, efficiency,
and growth in ocur economy.

Yet, far too often the benefits nf competition are excluded
from the Federal procurement process =-- a procuss which now
results in expendituraes of over §160 billion annually.
Numerous examples of waste and exorbitant costs due to the
lack of competition have been detailed by the Congress and the
press during recent months.

Althouah efforts have been initiated by this Administration
through the Reform '8& Managament Improvament FProgram <o
correct this longstanding problem, I am convinced that more
needs to be done. Consejuently, I have directed Don Sowvle,
the Administrator for Faderel Prccurement Policy in the Office
of Management &nd Budgzt, to isaue a policy directive on non-
competitive procuremelit to all departments and agencies. That
pociicy directive will establish governmant-wide restrictions
on the usa of nonconpetitive procurement and will ba reflected
in the government's procurament regulaticns. While such
congressionally mandated programg 2. contracting with minority
firms and handicapped perscns will not be affected, the un-
wvarrantad use of noncompetitive practices must and will be
curtailec.

Pending the #-rmal issuance of this new pclicy by the Adminia-
trator, I call upon each of you to assure that competition is
the preferred method of procuremsnt in your department or
agency.

(Qoas. (Rumigm,
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